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Preface.

The writer bought a million-gallon pumping engine
and the low pressure side did not work smoothly. The
builders sent three experts to remedy the trouble at as
many different times, but made no improvement. These
men were sent without giving me notice, so that I was
never there to meet them.

I wrote the builders to please not send any more
experts, but if they had a plain, practical man that had
a fair knowledge of steam pumps I would be pleased to
meet him at the station.

This is what this book is intended to be; a plain talk
on every-day work about engines, boilers and their acces-
sories. It is not intended to be scientific or mathematical.
T have tried to put all formulas in a simple form so that
any one understanding plain arithmetic can readily under-
stand any of them.

The writer commenced when books were very scarce
and he has seen the need of just such a book as this.
Some of the matter I have been unable to find in any
book at the present time.

Sometimes when questions are asked it sets a man
thinking deeper than by just reading the text, and a
large number of questions has been introduced on sub-
jects mentioned in the book. Direct answers have not
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Preface.

been given in all cases, but the reader can refer to
index and learn what has been done under similar
conditions and study and determine what he would do
under like conditions.

A number of books are published purporting to give
questions and answers before an examining board when
applying for a license.

No man can know the questions that will be asked
nor the answers that will be required.

The examiners wish to learn how experienced a man
is and the information he has of his own knowledge.

A young man can get much information from the
experience of practical men, but this must be supple-
mented by study, experience and research of his own
if he is to impress others with his ability.

It will usually be found that thoroughly well-posted
men are willing to give some of their time to imparting
information to those whom they think will appreciate and
profit by it.

It is generally the rule that it is only those pos-
sessing but a small fund of knowledge that become so
important with their small lore that are churlish in the
matter.

It is the man that is willing to help others that gets
along in life, and it is this man that will become posted
in his business.

Additional matter has been added on indicating and
diagrams. This will be of value to the practical engineer,
who has the ambition to make his plant as economical as
possible.

October, 1917.




The Boiler Room.

vvyy

In a boiler room, neatness should be observed in
everything. The floor should be kept clean,—and for
this purpose a hose should be conveniently located,—the
side walls and top of boilers should be cleaned once per
‘week. '

All surfaces in contact with the fire should be swept
as frequently as time will allow, but the tube surface
should be cleaned at least twice per week.

With some classes of boilers, and with fairly clean,
soft water washing out once in six months may keep
them in good condition, but the water should be changed
every two or three weeks. With some types of water
tube boilers, where the water enters at the front of the
drum, it is frequently only necessary to let the water run
out and then turn on the feed water full and the water
will wash out all deposit in the drum and mud-drum.
‘With most water tube and with tubular boilers, however,
it is necessary to take a hose, and there should be consid-
erable pressure. Where there is scale and considerable
mud, the boiler should be gone over thoroughly as fre-
quently as the opportunity offers,
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F iltration-Piping—Testing ‘Water.

With very muddy waters a filtration plant will pay,
as mud and clay are more to be feared than lime.

With tubular boilers properly set and the water fed
at the proper place, the larger part of deposit will be
found at the rear end, as that is the part with the slowest
circulation.

In water tube boilers the larger part will be found
in the rear circulating tubes, rear manifolds and rear end
of tubes,

The important things for a man to look after when
taking charge of a set of boilers for the first time is to
see that his water gauges are all clear by blowing them
all out. Look his piping all over and see if there are any
water pockets that would be liable to collect water and
let it over in a body; note the position and design of all
‘the stop valves and the manner of getting to them in case
of emergency; look the water piping over and the source
‘of supply for the pumps ; the type of pumps, and try them
to see that they work properly and that there are no broken
valves; note the heater, or the absence of any, and test
‘the water to see if it is hard.

This can be fairly well decided by putting some in a
pail and washing the hands with soap. If the water is
‘soft there will be nothing but soap suds on top; if hard,
there will be a scum formed on top. A chemical analysis
will be required to determine the kind of impurity and
quantity. Silica means sand and the like, while this
‘mixed with alumina and iron means clay and a dirty
boiler.

The safety valves should be looked to. If lever
valves, they should be raised to see if they respond
‘readily and if they leak after use.

If “pop” valves, bearing down on the lever will

8




Safety Valves—Gage Glasses.

“cause them to blow, if not set for too high a pressure. At
_the first opportunity the steam should be raised to the
-pressure at which it is desired to blow and see that they
blow freely from the pressure. Note the blow-off pipe
-and valves and try the valves. The grates and furnace
can be attended to the first time the fire is out. Note
condition of brick work, connection of flues, etc., and
‘see if there are any large cracks for air to enter.

When firing up in morning be sure to try the water
gauges the first thing, and see that everything about them
is free, and that there is no stoppage at top of column,
provided the water goes down in the glass and raises
‘partially.

On modern glass gauges there are levers put across
the stop cocks and chain attached to both top and bottom
so that they can be closed from the floor. These are
fastened to the stem with a set-screw. Should this set-
'screw become loose when the top is closed it will not
open and the gauge will show nearly full of water until
the water is entirely out of the water column. Any time
that the glass gauge shows different from the gauge cocks,
either this has hapened or the connections are closed.
‘There was one case on a new boiler where the cocks and
glass showed different, the glass showing nearly full,
while the cocks showed steam, and it was found that
the top glass gauge fitting had no hole through it and no
valve seat.

Firing.

When using anthracite coal Professor Thurston’s
rule is correct—that the fire should be five times- as thick
as the average piece of coal. This applies to all sizes.

With a fire on a flat grate much thicker than the
above there will be a tendency for the coal to melt and
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Thickness of Fire—Clinkers.

form an excessive amount of clinker, and if much thinner,
too much air will pass through.

Care should be used never to poke or molest a hard
coal fire, except when cleaning, and then the fire should
not be reduced too thin, even if all the clinkers are not
removed, as when disturbed, and too thin, the fire will
go out.

It is important that the fire should be kept of uni-
form thickness, and that this be done with the shovel,
and never with hoe or poker.

After cleaning a fire and the first layer of coal is
ignited, it is sometimes beneficial to run a thin slice bar
along just on top of the grates, and return in the same
manner, being careful not to disturb the body of the fire,
This loosens up any clinker that may be forming, and
keeps the air space open. This slice bar is shown in Fig.
1. The cross-piece can be 12 to 15 inches long and 114
to 2 inches wide. It should not be more than 34 inch
thick.

Clinkers that form on the brick are most easily
removed after cleaning fires at night, when they are
cooling off. They cool on the outside first and contract,
which, in a measure, helps to pull them from the wall,
and, being in a partially plastic condition at the wall at
that time, they are separated with little injury to the
wall. The hard case that is formed on the outside of
the clinker makes them sufficiently rigid for a poker or
breaking-up bar to get a good hold on them. The
woman’s method is to put oyster shells in the fire next the
brick.

Should a slice bar be run under the fire just top
of grates every time the fire is replenished, the fire will
be kept fairly clean, so that but little cleaning is necessary
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Tools for Cleaning Fires.

at night. This will make hot and warped grates, unless
the ash pit is kept cool. This can be done with water
in the ash pit or a small amount of steam. A small
amount of steam will materially reduce the size and hard-
ness of the clinker.

A hoe, shown below, is a favorite for cleaning fire.
This hoe is round on top, and by turning this side
down and shoving the coal off the ash, it will do it much
neater, get the coal off quicker and with less ash in the
coal than when using the straight side.

e —0)

| 0

@ —

Big. 1. Hoe (at top)—Slice Bar—Breaking up Bar.

The better plan is to have a bar made something
like a boat oar, with the blade 15 inches long and 4 inches
wide. Push all the coal from one side of the furnace to
the other side, pull out the ashes, then push all the coal
on to the clean grates, and when the ashes are removed
the fire can be leveled off and have a perfectly clean fire.

The best plan is to have dumping grates with front
and rear sections, push the fire back, dump the front
part, pull the fire forward and dump the rear. This
leaves a clean fire and is very quickly done.
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Soft Coal and Smoke.

A “Lazy bar” made from a piece of 34-inch iron
or of gas pipe and arranged to lie across the front of
the door so as to support the weight of the hoe, makes
the work much easier, both in cleaning the fire and
hauling the ashes out of the ash-pit.

When it comes to burning the soft coal the problem
is altogether different. These coals cake together and
the air can only get through where there are breaks;
there the fire burns rapidly and soon makes a large hole
that allows too much air to pass through, which has a
cooling effect. These coals contain a large amount of
hydrocarbon gases that distill at a low temperature, and
unless the firing is done so that they distill slowly, a
large amount will pass up the chimney without imparting
the heat to the bo:ler that would result from its proper
combustion.

Improper firing, when the fires are run hot, results
in the emission of a large amount of smoke. It requires
but a small amount of carbon to color a large amount of
gas; so that the smoke alone is not a great waste, but
it indicates that there is a great amount of gas, uncon-
sumed, going away with it.

During the Civil War, coal, like everything else,
got very high. At one time and place coal was $16 per
ton delivered. At that time the buckwheat sizes were
unknown, nut being the smallest size, and all smaller
being thrown away.

One man procured a patent for a steam blower to
burn yard screenings, which included everything below
nut, fine dust and all.

The blower was made by making a circle of hoop
iron, inside of which was a center with 34-inch pipes
radiating therefrom. In these pipes 1-16-inch holes were
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An Old Time Blower.

drilled. The steam part is shown in Fig. 2. The center
supported a little fan blower, the blades being of the
same number as the steam pipes and the steam jets blow-
ing against these blades made a steam turbine and a fan
all in one. It revolved with a high velocity, and screen-
ings were burned very satisfactorily. Great stress was
laid by the inventor on the high velocity of the fan.

Such a fan could not be durable, while the pipes
would last for years, and when the fan went to pieces it
was found that the blower consisting of steam jets did the
business just the same.

Big. 2. An Old Steam Fan Blower.

Since that time there have been innumerable inven-
tions of steam blowers for burning small anthracite, and,
of course, all of them improvements like the “improve-
ments” on George H. Corliss’ engine.

They sell for all kinds of prices, depending a good
deal on the talking ability of the maker.

A home-made affair is shown in Fig. 3. The pipes
are 15 inch, are set 3 inches apart and have 1-16-inch
holes, 3 inches apart. The opening in the wall of the
ash pit should be 3 inches wider than the blower on
each side.

13



Home-made Blower.

As anthracite deadens rapidly when stirred, the
cleaning should be done quickly, leveled off, the fresh
coal put on and draft given as quickly as possible.

It is not possible to l:eep a fire with small sizes clean
with a slice bar, as, if a fire is run so as to burn 12 to
15 pounds of coal per square foot of grate per hour, the
clinkers will be too large to go through a grate opening
of suitable size for such coal.

Gig. 3. A/ Home-made Blower.

Where only a flat grate is provided, one method is to
push the coal back against the bridge wall, haul out the
ashes in front, pull the coal down in front and pull the
ash and clinker from the rear over the coal. This leaves
some ash and clinker in the coal.

Various methods have been tried to prevent this
waste, and many, also, to prevent smoke. It has been
assumed by many that if the smoke was prevented the
economy was sure. Among the early methods was that
of admitting large quatities of air over the fire. This
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Smoke Prevention—Pulverized Coal.

plan, carried so far as to completely prevent all smoke,
will result in loss; although if properly applied, and the
smoke reduced to a dull brown, there may be a good
saving in fuel.

One plan described by C. W. Williams was the down
draft system, which consists in taking in the air through
the furnace doors and down through the fire, where the
gases pass over a bed of incandescent fuel, chiefly from
the fire that has fallen through the grates.

This style of firing cokes the green coal top of the
fire and requires some slicing to let the air through, and
also requires water grates as the fire must pass between
the grates. A furnace of this type should be entirely .
outside of the boiler. Where the grate is under the
boiler, the cold air rushing in at the furnace door cools
the boiler at that point and sets up a strain.

A later form on somewhat the same principles is to
feed the coal under the fire with a screw.

Another idea that has been tried, but not with much
enthusiasm for boiler work, is to reduce the coal to fine
powder and blow it into the furnace. On account of the
power required to pulverize the coal it has not met with
much 'success. To pulverize 1,000 pounds of coal per

hour and blow it into the furnace would require about
15 horse-power. .

In the cement industry powdered fuel is used almost
exclusively. The kilns rotate so that a grate is inad-
missible and the heat required is over 3,000 degrees.
Pulverized fuel blown in is the ideal plan. Where the
air is so throughly mixed with this finely pulverized fuel
no more than the theoretical amount of air is required
and the combustion can be carried on without a particle
of smoke.

15



About Firing.

- Anthracite coal cannot be used for this purpose, gas
coal being the best of all the soft coals.

One of the best methods when firing by hand is
the coking plan. The favorite plan is to have a plate
at the front of the furnace, put the necessary quantity of
fresh coal on to this plate; the gases will distill slowly
and, in passing over the fire, will be consumed. When
the coal has parted with the volatile gases it can be
spread over the grates with a hoe and will produce very
little smoke.

Where the fires are run thin with hand firing and
the coal is spread thin all over the furnace, the gases
are distilled too rapidly for the furnace, cooled by the
addition to the fresh fuel to completely consume.

Keeping the fire somewhat thicker and “patching”
the fire—that is, throwing the coal so as to fill up the
holes—will result in the loss of a large amount of gas
unconsumed.

Prevention of smoke has received a large amount
of attention of late years because of the growing use
of soft coal. One plan is to put in small steam jets

over the fire; the valves to same opened when the door

is opened by a suitable connection. Then, by another
device, these valves are slowly closed automatically, the
object being to be sure that the steam is turned on, and
kept only when there is fresh coal put on and during
the period of smoky fire.

The better method of firing the soft coal is to put:

the coal on heavy on one side of the furnace. Just

before the other side needs replenishing use a breaking-

up bar, as shown in Fig. 1. This bar is run along the
top of the grates and the coke raised easily, so as to

break it up as finely as possiblbe, but not in such a man-
~
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A Good Plan of Firing.

ner as to throw out great pieces and leave large holes.
The bar should be of steel, 1 to 114 inches diameter,
according to the length of the furnace. It should be
about 3 feet longer than the grate. It requires a little
practice and patience to learn to do this easily, but if
handled right, it is easily. done and the fire kept even.

Fig. 4. Firing Soft Coal—Top View.

After the coke on one side has been broken, then cover
the other side in the same manner.

For a furnace 7 feet square the coal would be put
on one side, as shown in Fig. 4, nine shovelfuls with No.
6 scoop. _

Firing in this manner, the smoke will be reduced
to a minimum, but where there are city laws regarding

17



Mechanical Stokers.

smoke, recourse would be necessary to the steam jets
on top of the fire. The smoke will come only from the
part that is broken up, and not from the fresh coal.

Another important thing is: With coal spread even
and light over a thin fire, the evaporation of water was
9.81 pounds for each pound of coal from 212 degrees of
feed water to steam at atmospheric pressure.

With the coking fire, as indicated, the evaporation
was 10.63 pounds.

Fig. 5. Sectional View of Stoker,

An afternoon was spent in a boiler house having
stokers like Fig. 5. Some of the boilers were being run
above their rating, while two were running light, but not
a particle of smoke came from the chimney. In furnaces
where the fire was hot the fire was a white, incandescent
flame.

18



Chemicals for Coal.

With this stoker there is an opening under the coal
hopper, where a slice bar can be put down under the
fire to break it up if necessary, sometimes an important
item.

Occasionally a man will come along with a chem-
ical, which he will dissolve in water and sprinkle over
coal, and will show you the coal takes fire almost as
readily as wood, and will give off more flame with hard
coal than when the coal is used without it. He usually
succeeds in selling large amounts for a snug sum.

A friend who thought of taking an agency for such
a mixture wanted the writer to make a test. The test
showed that more fuel was required with it than with
the untreated coal.

A short time after this the company had a cargo
of coal .to use that had been sunk in salt water and
raised again. It burned in the same manner as the
chemically treated coal. Salt may not be the chemical
used, but salt will do the same work.

This can be tried in the kitchen stove. When new
coal is put on sprinkle on a little salt and note how
quickly the coal becomes ignited and the nice flame.

Boiler Feeding.

In feeding boilers, care should be exercised to keep
the water level uniform, for two reasons—first, so that
the water shall come from the heater as hot as possible,
and, second, if the water level is continually changing
the weight in the boiler is changing with it, which sub-
jects the boiler to different bending strains.

Should the water be found low after an absence for a
time, and the pump has been running and supplying the

19



Feeding the Boiler.

usual amount of water, the water cannot be very low
unless there is some leak of water from the boiler, or from
some person opening a steam valve and drawing of large
quantities of steam. If the latter, the condition of the
fire will indicate it, if there be an automatic damper. If
the damper be regulated by hand, the steam will be low.
By covering the fire, either with fresh coal or ashes, all
danger of further overheating will cease. The steam,
however, will run down rapidly and load will be thrown
off the engine, as speed cannot be maintained, so that it
is not important that the engine should continue to run.

We have the following conditions: After the fire is
covered the circulation in the boiler ceases and the water
level is slightly lowered. There is a slight circulation,
but in the same form as an ordinary kettle, if the engine
continues to run; but the water level will lower gradually
as it cools down.

Letting the pump continue to operate will, under
the new conditions, slowly raise the water line if its speed
be maintained. Should the pump slow down with the
decreasing pressure the water will not rise until load is
thrown off the engine; after that it will rise.

Opening the safety valve or any other valve will raise
the water at first, but it will be very much lowered after
the steam pressure is reduced.

Suppose there be 100 pounds steam pressure and
the boiler contains 6,000 pounds of water, the tempera-
ture of water will be 341°, or a little over 341 heat units.
If no water goes into the boiler, but steam is all blown
down to atmospheric pressure, and 212° temperature of
the water.

Six thousand pounds of water, with 341 heat units
per pound, will be 2,046,000 heat units in the water.

20



Heat Units—Duplex Pumps.

Six thousand pounds of water, with 212 heat units
per pound, will be 1,272,000 heat units in the water.

The difference between the two is 774,000 heat units,
which has been given up in evaporating water that has
gone off in form of steam, 966 H. U. being the amount
per pound required to evaporate the water. 774,000
966==800 pounds, which is the amount of water that has
been evaporated from 6,000 pounds of water at 100
pounds pressure in reducing the pressure to the atmos-
phere, or 13 per cent.

This is one of the points that examining boards
make a strong point on, but they are not of the same idea.
One board will want the engine and pump stopped and
let all valves remain as they are. Another will want the
engine and pump left running, while still another will
want the engine and pump stopped and safety valve
opened.

It should be remembered that the above refers to a
single boiler. When there is a battery of boilers it is
evident that the stop valve on the offending boiler must be
closed, and then the only complication is as to the policy
of opening the safety valve or not.

With a shell boiler there should be a fusible plug in
the rear head. This plug should be filled with pure tin
that melts at 440°. If this plug has not melted, it is evi-
dent that the water has not fallen low enough, or that the
fire was not hot enough to do any harm. '

Pumps for Boiler Feeding.

A duplex pump will produce less strain and shaking

of pipes than a single pump.
It seems strange at this late day that there can be
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Pumps that Pound.

found books and men that will claim that a power pump
is a cheaper method of feeding a boiler than a steam
pump, regardless of conditions. Where non-condensing
engines are used it is true; but not with compound
engines.

One place may be taken as a sample.

This place has a number of engines and boiler plants
and the manager somewhere having read that power
pumps are more economical has put in power pumps
and taken the feed, either from hot wells with water at
110 degrees, and in some instances right from cold
streams, and put the same through economizers.

A power pump is not flexible and runs at its max-
imum and the surplus must be pumped against the 150
to 170 pounds pressure and go to waste. The suction
can be throttled, but will make a pounding pump.

It is only with non-condensing engines that power
pumps are the cheaper to use as with a condensing plant
the heater will usually condense all the exhaust from
the pumps, etc., and all the heat from the steam is car-
ried back to the boilers, while if the pumps are driven
from the main engine or from motor, the latent heat of
steam producing the power goes out with the condensing
water.

In the place mentioned they were running small
engines driving dynamos, the engines using not less than
5 pounds of coal per horse-power, then driving the power
pump by motor and half the water pumped up to 150
pounds pressure going to waste, and then pumping cold
water to the economizer, which delivered it to the boilers
at less than 180 degrees.

In two cases the pumps were driven by belts from
the main engine, the steam from the condenser pumps

22



Scale Removing Solvents.

going out to heat up the river.

Had they used steam pumps and put the exhaust
from the boiler feed and condenser through a heater,
then through the economizer, they could have delivered
the water to boilers at 300 degrees. With the water
going to the economizer cold, or nearly so, the tubes
sweat and the soot cakes on to the tubes, breaking the
scrapers and rendering the economizer but of little value.

Scale in Boilers.

Where water contains lime, some agent should be
employed to neutralize it, which can be done with a
carbonate of lime., Kerosene will sometimes do this very
nicely, and is a handy dissolvent, because it can feed
constantly in the same manner as cylinder oil. Sal-soda
is a good neutralizer, but when carbonate and sulphate
both are present there is need of a strong astringent.
This is found in tannic acid. Tannin can be procured
in “japonica” that comes from Japan, or from “cutch,”
which is acacia catechu, and comes from the East Indies.
Gambier is another form, and comes from Africa.

To make this preparation ready for use, take 50
pounds of sal-soda and 30 pounds of japonica, or cutch;
put in any old barrel that will hold about 50 ballons; fill
half full of water and boil until dissolved, then fill in
water.

If a water tube boiler is badly scaled, put in a
gallon of the mixture for each 100 horse-power for
three or four days, at which time most of the scale
should be removed, when the quantity can be reduced
until the right amount is ascertained.

With a shell boiler more care is necessary, as it
throws down the scale very fast, so that the preparation
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Electrical Boiler Cleaner.

should not be put in until two or three days beforz clean-
ing, otherwise enough scale might accumulate over the
fire sheets to burn them.

These preparations when made up and sold under
fancy names, are sold for about 60 cents per gallon, -
which makes kerosene a cheap substitute.

The sal-soda should be procured for less than 2
cents per pound, and the crude cutch or japonica for not
to exceed 6 cents, so that it will cost less than 10 cents
per gallon,

There are a number of makers of scale resolvents
that will analyze the water and mix chemicals accurately
to do the required work.

Boiler Cleaning.

In about 1865 there was an electric arrangement
invented to charge the metal with an electric current,
as shown in Fig. 6.

This consisted of a number of copper points radiat-
ing from a common center and from ten to twelve inches
in diameter. This was. placed inside and near the top
of the boiler about four feet from the front end, the
points nearly touching the shell. From the center a
wire was led to an insulated plug about the same distance
from rear of boiler and thence out to a battery. The
boiler by this means was kept charged with an electric
current and was free from scale. Sometimes little par-
ticles would be found as thick as paper, but these were
rare.

This instrument was attached to a boiler for $80, and
because people thought the price exorbitant very few
were applied. All the nelghbors paid as much per year
for scale solvents.
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Potatoes as a Boiler Cleaner.

The feed and blow-off in this boiler was through a
1Y-inch pipe in the front head, a connection common
in those days; there was no hand hole in the rear head,
and from all that could be seen the boiler was perfectly
clean. After a time a hand hole was cut in the rear
head and about two bushels of dirt was found banked
up against it. A bottom blow-off remedied all this.

Some years afterward the engineer had occasion
to want something that would keep the scale from form-
ing in boilers and wrote to his former employers for the

v
——
Fig. 6. Electric Boiler Cleaner. 1865,

name of the maker, asking also if it continued to do good
work. He received a reply that the battery got out of
order and it had been disconnected, and that a half
bushel of potatoes put in the boiler each week would do
for compounds.

For the neutralizing of the scale-forming elements
in the water there have been numberless compounds pre-
pared, but most good ones have been expensive. Kero-
sene oil has been used as much as any one thing, fed in
the same way as cylinder oil in a steam cylinder, and in
many cases has given excellent results.

25

" N —



Utilizing Waste Heat.

Probably the most extensively used and at the same
time the cheapest is the carbonate of soda. This acts on
carbonate of lime, rendering it soluble in water and in a
state where it will not bake. The carbonic acid takes
up by the alkaline carbonate is liberated again by heat
and the soda is in its original state and ready to act
again as before, which accounts for the necessity of
using such a small quantity. A receptacle should be
made for it and after disolving it should be fed contin-
uously. From one to two pounds per 100 horse-power
boiler per day will do the work in fair shape. Soda ash
will require more; caustic soda less.

When it comes to feeding water with clay and lime,
and in some cases saline matter, there are but two ways;
a surface condenser or an efficient filter. Where surface
condensers are used, vertical engines are desirable, and
sometimes necessary, as will be mentioned later under the
subject of cylinder oils.

Special Boiler Setting.

Figure 7 represents a tubular boiler set to utilize
waste heat from a steel furnace. The cut shows the
original setting. There was a g-inch space under the
boiler and the waste gases could go through the tubes
and under the shell. They preferred to go under the
shell, and made but little steam.

The boilers were then let down on to the brick and
the space under the boiler entirely closed, thus causing
all the gases to go through the tubes. This raised the
steaming capacity over 30 per cent., but still there was
not sufficient steam made from the waste heat for the
work required. A battery of boilers were put in to be
fired by hand, gases going under the boiler and through
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Cooling Boilers for Cleaning.

the tubes in the usual manner, and then over the top to
chimney. As there was a good draft and egg coal was
burned, these boilers would make a great deal more
steam than those with the waste heat, and there were
those in authority who thought that was the only way
to set a boiler, and that if the first boilers were set that
way, the boilers requiring coal could be shut down. So
these boilers were raised to their original positions,
arranged so the gases would go under, then through the

Fig. 7. Boilers Set to Utilize Waste Heat.

tubes, then over the top, and they did not do as well as
in the first design and were finally taken out and aban-
doned.

These boilers were among one engineer’s first expe-
rience, and it was here he got an insight into cooling off
boilers for cleaning. He was assistant here and worked
under orders.

It will be noticed that there is a door at each end of
the boiler. Saturday nights both of these doors were
opened, as well as all the doors on the furnace. It was
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Leaky Tubes from Over Heating.

his duty Sunday forenoon to draw the water out of the
boilers and refill them with fresh water. After a few
months the tubes on the end of the boiler towards the fire
commenced to leak. A peck of horse manure was put
in each boiler every week, which for a time kept the leak
down, but finally a boilermaker had to be called, who
reported that the fire ends of the boilers had been burned.
As the boilers had had the best of care, and water had
never been low, and as a good quality of water had been
used and frequently changed, this was a surprise and
could hardly be believed. The fact remained, however,
that that end of the boilers had been overheated suffi-
ciently to cause the tubes to leak.

He studied over the problem, and to his mind the
cause was plain. It has been mentioned that the two
doors shown were both opened. This, in effect, was
nearly the same as leaving them both closed, as the door
at base of chimney was as large as the area of chimney,
and would supply all the air the chimney could take, so
that none entered the other door, and the result was hot
brickwork and a hot boiler when the water was changed.
He remembered this, and in his practice when he was in
charge of boilers, always left ash and firedoors opened,
as well as the damper, and no other doors that could
interfere with the draft through the boiler, and never
had a leaky tube sheet or shell from any strains set up in
changing water. The boiler was always cool enough so
that the deposit would not bake on, the brickwork was
cool so that the boiler was not overheated, and plenty of
water could be used for washing without cooling por-
tions of the boiler suddenly.

As an illustration of the oposite policy which obtains
in many places, he was sent to a place to attempt to
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Cooling off Boilers.

reduce their coal bills. He saw that the fires were
banked in such a manner that steam was blowing through
the safety valves continually during thé times the boilers
were idle, with the result that the valves were leaking
badly.

" He recommended new safety valves, a condenser
and two or three other minor changes, and put them in.
The boilers were 5x16 tubulars in a small electric station.

In the afternoon he told the regular engineer that he
wished to put on the safety valves the next day, and
when he shut down at midnight to have his fire out and
leave dampers and firedoors opened, so that steam would
be down.

In the morning he found firedoors and dampers
closed and front flue door open, and steam up to nearly
running pressure. Opening the flue door had stopped
any possible entrance of air. It was three hours before
any work could be done, and as some of the pipings had to
be changed, it made a lively day’s work.

When the regular engineer came around after dinner
he was asked why he had not carried out instructions
about having the boiler cool. He replied he was told he
must not allow any cold air to strike the tubes in rear
end of boiler, as it would surely cause them to leak; that
the inspector had instructed him, and he had been very
careful not to let any cold air under the boilers. Being
asked for his procedure when changing water; he left
everything closed, pumped in cold water and let it out
until he got it cooled down so the steam was gone,
then let out the water and pumped the boiler up. Asked
if he realized the strains set up when letting out the
water from the boiler surrounded by hot brickwork and
filling the same, his reply was always the same—he could
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Leaks in a Cool Boiler.

not let cold air under the boiler, as it would cause the
tubes to leak; he had been told so by the inspector, and
he did not want his tubes to leak.

By this time the boiler was cooled down, as well
as the brick. A cool boiler will show leaks when it will
not when heated, and the seam in head commenced to
leak over the firedoor. It was pointed out to him that
the leak was caused by the boiler being enclosed in hot
fire brick while the water was let out; that the boiler in
contact with the brick got excessively hot, and that the
cold water put in had strained this joint so that it leaked;
that his tubes and seams in the shell would go the same
way in a short time; that if he opened his doors and
damper he would not get cold air on his tubes for a long
time, as the air passing through the hot furnace would
be hot when it got to the rear end, and that everything
‘had to cool down together. Any explanation had no
effect. When the engineer got everything together it
was Saturday evening, and that evening being the heaviest
load, he started up with one boiler, much to the regular
engineer’s concern, as it had been hard work for two
boilers to carry the Saturday evening load. The one
boiler carried the load easily.

The engineer heard no more from this job for two
years, when he was again sent there to put in a new
boiler.

The regular engineer’s care to allow no cold air to
reach the rear end of the boiler had resulted in leaks in all
the seams, patches over the fire, leaky tubes in the rear
end, which had been rerolled until used up so that one
boiler had to be taken out and one 5%x16 put in its
place. The engineer learned that shortly after leaving
the first time the two boilers were deemed necessary and
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Another Waste Gas Boiler.

finally blowers had to be put in. On account of the
manner of cleaning, here were two boilers less than four
years old with every tube and seam strained apart and
finally condemned, and still they had not let go and-killed
anyone. He has found a number of instances where the
practice is to leave furnace doors and dampers closed and
the attempt made to clean boilers in that condition, and
the result was always the same, although the complete
destruction is sometimes longer delayed. To clean a
boiler thoroughly the boiler must be cool, and the desposit
must be soft. To prevent strains on the boilers the
change of temperature must be gradual, but when cold
water is put on hot plates, or tubes, leaks will occur soon.

Incidents.

Figure 8 is a type of boiler that was put in a flue
taking waste gases from crucible casting furnaces.
There were three rows of bottle shaped projections, 6
inches in diameter and 2 feet long. The necks were
3 inches in diameter and were screwed into a bottom
shell. There were partitions through the center, and
one-half of the neck with this partition extended into
the boiler about 3 inches higher than the other half, which
was level. This was to insure circulation. This type
worked very nicely and was easily cleaned.

The arrangement shown in Fig. 7, being in a steel
mill, provision against frost was not first class. There
was a man whose duty it was to fire up the furnaces and
get them hot enough Monday mornings to commence
work on time, and also to watch the boilers. One morn-
ing he made haste to wake the engineer up about 4
o’clock with the cheerful news that there was 160 pounds
of steam on the boiler intended to carry but go, and that
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Imagination and Leaky Joints.

the steam was coming out of every joint. He hurried
to the scene and found all the joints all right, as well as
the safety valves, but there was 160 pounds indicated by
the gauge. An investigation revealed the fact that the
gauge pipe was frozen, and the expansion had extended to
the spring. Imagination had seen all the joints leaking.

In another place he was aroused by the watchman

Fig. 8. A Boiler to Use Waste Heat.

with a request to come right down to the boiler room,
as one of the boilers showed 165 pounds. He explained
to the excited man that it was all right, that the boilers
were connected and the gauge showing 8o pounds was
correct, while that showing 165 had a leak in the spring,
allowing enough steam to enter to expand the spring by
heat. No explanation would satisfy, and he was obliged
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Points About Gage Glasses.

to go down and make sure that it was all right. Gauges
that are in very hot or very cool places may sometimes
show a little out because. of the extreme temperatures.

Sometimes a gauge under high pressure will vibrate
excessively, even when the cock is closed all that is pos-
sibly, and still have the gauge indicate. In such cases put
a quarter-inch globe valve about four feet from the gauge,
and that and the cock will check the vibrations, as so
much will be taken up by the enclosed water between the
two that energy on the gauge is gone. To keep glass
gauges, gauge cocks and all places where there are slight
leaks, and where salts from the water leave a deposit,
put on ordinary machine oil, or wipe them over occa-
sionally with a greasy waste,

At one place the engineer was awakened by his fire-
man and told that something was the matter with one
of the boilers. This was one of the early types of water-
tube boilers, the end of every tube and header being a
ground ball joint, with the idea that expansion could take
" place without strains and without leaks. There were
two or three leaky joints, but looking into the furnace
revealed the fact that all of the tubes that could be seen
were at a bright red heat.

The fireman had changed the water Sunday and left
the water at a proper level. The blow-off valve was a
2-inch globe. A piece of clinker had in some way got
into the hollow on the bottom, and the guide stem had
reached it, so that the valve had leaked sufficiently to
let nearly all the water out. The fireman, knowing he
had left the water all right, had not examined it in the
morning before firing up.

Sometimes a man will try his gauges and take it for
granted that the small amount of water issuing there-
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Taking Water From Stream.

from comes from the boiler instead of lying in the gage.
In one case a fireman reported to his engineer that a
boiler being heated by waste heat was not taking any
water. This boiler, which was an upright water tubular,
had a pipe extending from top to bottom, in which was
the gauge column with a valve at the bottom of the pipe.
This boiler was in a secluded place, where workmen used
to get to do their heavy loafing, and some of them had
closed the valve at the bottom of the water column and the
gauges showed water all right. The boiler was burned
up.

The boiler, with the clinker in the blow-off, had the
leaky joints reground and was in use for some time after-
wards. It was arranged with tile placed in the tubes so
that the gases passed to rear end, then along a portion
of the tubes to the front end and under the drums to the
chimney.

It was finally abandoned, because “it could not be
cleaned.” It was impossible to get the ashes out of the
tubes on top of the tile partition, and when it was finally ..
taken, thirty cartloads were taken from those places.

Strainers,

Wherever water is taken from a stream for use for
power purposes, such as pumps, condensers, etc., there
should be a good system of strainers. Where possible
or practicable to use them, a pair of strainers, like Fig.
9, is easily controlled. The frame shoud be made from
3x1%4 inch finished material, and brass rods put through,
as shown. These help to stiffen the frame, but their
principal use is to keep the screen in shape, as the pres:
sure of the water against a partially clogged strainet
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Plan of Strainers.

would soon ruin it were it not supported. Over this
should be fastened the copper wire netting.

Fig. 9. Strainer Frame and Rack.

A cheaper strainer is made by punching a sheet of
copper. These holes may be punched with machinery.
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Double Strainers.

The strainer should extend over the framework 114-114%
inches, and be securely fastened. Then there should be
a cleat put over that and the nails driven through the
frame and clinched. At the top should be a top board
with a hole sufficiently large to admit getting hold of it
with the two hands for drawing it out.

There should be two of these, as shown by the section
below. Fig 9. This should be anchored in such a
manner that it will keep its shape and be made tight at
the sides and bottom.

The strainers should be used one at a time. When
the strainer in use becomes foul the clean one should be
put in and the foul one taken out and cleaned. To do
this easily it should be thoroughly dried, as the slime
from most waters, together with the other accumula-
tions, makes a paste that is difficult to remove when wet.
To do good work there should be at least ten times the
area through the holes of the pipe or conduit it supplies.
Small strainers stop up too quickly.

If deemed necessary, a solid gate can be made of the
same dimensions as the frame of the strainer and used
as a gate to shut off the water when occasion requires.

Where water is to be taken from a running stream
and it is necessary to build a little dam, the proper method
is that shown in cross-section in Fig. 10 and plan in
Fig. 11. If possible, arrange to have the strainer put in
in the bend of the stream. If this cannot be done, build
the dam the highest at the side of the stream opposite
from the strainer, so as to throw the larger part of the
water over the strainer. Excavate a place in front of the
dam and build a heavy bottom of concrete, the top of it
being about two diameters of the pipe lower than the
bed of the stream below the dam. Concrete the side of
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Dam and Strainer.

Fig. 10. Dam for taking Water from Running Stream.

the stream for a space from the dam to 20 feet below
the strainer to prevent washing of the bank. The
strainer should be put across the flow of water, as shown.
This should be made from sheet copper with punched

[ ~————— ———

Fig. 11, Planor Top>View of Dam and Strainer.
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Water From Dirty Streams.

holes. The water flowing over the dam passes the
strainer so strongly and rapidly that it washes away all
debris of every kind and the strainer is always clean.

A strainer put in as shown above has been in use
ten years, and has never been foul nor required any
attention.

When a strainer is put in where the water is slug-
gish, the drain through the strainer will attract all float-
ing material, and when drawn to the strainer there is
nothing to carry it away, and soon there is trouble.
When a strainer is put into an eddy, unless the move-
ment of the water is very rapid, the same clogging
process goes on.

There are places where the only available water
supply will be from a small stream carrying a large
amount of debris of various kinds and the stream will
be sluggish and the only way will be to excavate a place
to put in a suction pipe and strainer. Here everything -
will move towards the strainer and it soon becomes foul
and requires attention.

If it is impracticable to make strainers after the plan
in Fig. 9, there are double strainers and foot valves
made to meet this emergency. This arrangement con-
sists of a foot valve and strainer. Over the strainer is
put a sliding strainer, which can be lifted and cleaned.
When it slides back to place it scrapes off such material
as has accumulated on the inside strainer.

There are conditions when none of the methods
named could be of use, such as taking water from an iron
penstock, or through a pipe from a canal on the side
used for the tow-path. In such cases there should be
used two boxes with a strainer in each. These strainers
are put in the pipe line at some convenient place of
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Material for Boilers.

access. It is necessary to place a valve each side of each
strainer box, so that the strainer can be removed and
cleaned.

Strength of Boilers.

There are many experiences to be found in the
boiler-room. We will take for example a tubular boiler,
as this is the simplest form, and many points about a
tubular boiler apply to all.

The first thing is the material from which it is made.
Of late years steel is the general material. Where the
plates are in contact with the fire, firebox steel should be
used, and flange steel can be used for the heads. The
firebox steel should not contain enough to exceed .04 of 1
per cent, of either phosphorus or sulphur.

Phosphorus makes the steel cold short, and sulphur
hot short. Carbon adds tensile strength, but the higher the
tensile strength the lower will be the ductility. In some
cases it has been the practice among the workmen, when
they found a sheet was not coming up to the tensile
strength, to spray water over it when hot. This will be
detected in the ductility later, if the physical test is made
by a disinterested party, and for this reason it sometimes
pays to have a firm that makes a specialty of tests make an
inspection of the material, both physically and chemically.

A plate having a tensile strength of 65,000 pounds
per square inch will make a strong shell, and is not suffi-
ciently high to interfere materially with its ductility.

It is not possible, however, to get all plates just
alike in tensile strength, so that plates should be not less
than 58,000 nor more than 65,000 pounds tensile strength.
They should stand the test of being bent cold around a
rod equalling their own thickness, without cracking, and
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Rules for Strength of Boilers.

‘should stand the same test after heating and plunging
into cold water.

After this test there should be no laminations, blisters
nor other mechanical defects. Each plate should be
plainly stamped with the maker’s name, and with its
thickness, quality and tensile strength in a place that can
be plainly seen after the boiler is erected.

Boilers should have the longitudinal seams made
with butt joints, with double covering strips and triple
riveted. After steel came into use it was discovered that
the lapped double riveted joint was unsafe, This joint
had a way of causing the plate to crack just under the
lap on the inside of the boiler, where it was impossible
to discover it before it showed itself by leaking or
letting go.

A well-designed single-riveted seam has 54 per cent.
of the strength of the solid plate, a double-riveted seam
70 per cent.,, and a butt strap 87 per cent. Sometimes
specifications for drums in a water tube boiler call for
the roundabout seams to be double riveted. The party
sending out the specifications insisted that, for the pres-
sure they wanted to’carry, it was absolutely necessary.
The drums were 3 feet in diameter, and the metal 9-16
of an inch thick.

Take the well-known rule for the longitudinal
strength of a cylinder:

Thickness X tensile strength

radius in inches.

9
we have — X 60000
16

18

= 1875
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Boiler Calculations.

and with butt strap joint of 87 per cent. 1631 pounds
bursting pressure.

We now take the roundabout joint:

tensile strength X thickness X circumference

area of head

= bursting pressure
or :

9
— X 60000 X 113
16

= 3746 1bs.
1018

and taking 54 per cent. for a single-riveted seam, we
have a bursting pressure of 2,022 pounds, or 400 pounds
greater capacity than the longitudinal seam. If we take
70 per cent. for the double-riveted roundabout seam, we
will have 2,622 pounds or 1,000 lbs. greater. There will
never be a longitudinal joint made that will need a dou-
ble-riveted roundabout joint.

Allowing a factor of safety of 5 for the longitudinal
joint, we have a safe load of 344 pounds, and allowing
a factor of safety of 6 for the roundabout seam we have
347 pounds as the safe load.

Tubular boilers require stays above the tubes. First
find the area to be braced. Two inches above the tubes
and 3 inches around the shell need not be taken into
account.

The distance between stays should be square root of

. 6,900
working pressure X diameter of bolts
Instead of 6,900 use of 5,530 for salt water and 5,000 for
copper bolts.
Tubes should be of wrought iron. Steel tubes
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Too Many Tubes.

require annealing, are too stiff, and will leak sooner than
iron. Tubes give a cheap heating surface, and in order
to get a boiler of large capacity it is the practice of some
builders to put in all the tubes possible, so as to make
the horse-power large. For this purpose they put in
tubes away above the center of the boiler, reducing the
-area of the surface of the water for disengaging the
steam, and a pulsating boiler is the result. The tubes are
simply an economizer and are not as important as some
other things.

When the temperature in the furnace is 2,200
degrees the shell will absorb the heat, so that when it
enters the flues it is down to 1,000 degrees, and not over
one-half of that can be absorbed by the tubes with
modern high pressure.

Should an excessive number be put in, the hot gases
will only go through a portion of them. Tubes which
are too small break up the gases so much that the draft
is restricted, and they become easily choked with soot.

Boiler Settings and Fittings.

‘Water issuing easily from the open end of a vertical
pipe will assume the form shown in Fig. 12.

When entering a pipe, water or gas will assume the
same form, shown in Fig. 13, so that the volume would
- be represented by the small cross-section, rather than by
the area of the tube.

In putting in large pipes in water powers the pipe
can be enlarged at the intake for what is termed the
“entry head,” and the pipe filled. This cannot be done
with the ends of tubes in boilers. Could it be, the velocity
through the tubes would be greater and the deposit of
soot less.
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Feed Pipes—Circulation.

Tubes should be put in so as to obstruct the circu-
lation of water within the boiler as little as possible. A
free and full circulation of water counts for capacity and
economy and is more important than a few extra tubes.

Care should be taken that the tubes are of full thick-
ness of metal, also that the material for the shell is the
specified thickness at the thinnest part.

“The feed pipe should discharge at the coolest part

/A\ \ Fig. 13.

Shapes of Water or Gas Entering or Leaving Tubes.,

Fig. 12,

of the boiler, which will be that portion the farthest
from the’ fire.

One reason for this is that the circulation is the
least disturbed. The boiler will deliver up the most heat
from the fire when water is flowing fast over it, so a
rapid circulation means more rapid taking up of heat and
easier steaming.

Where water is admitted directly over the fire in a
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Boiler Settings.

sheet boiler, it means leaks at the joint at head of boiler -
and at the first joint near the bridge wall. The correct
plan is to put the feed at front head, top of tubes and to
one side of boiler. Carry it to the rear of boiler, then
across to opposite side and down between shell and tubes.
The blow-off pipe should extend down to the floor
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Fig. 14. Best Location of Blow-off pipe and valves.

level, as shown in Fig. 14. It should be extra heavy iron
pipe and a casing of larger pipe put around it. Should
the water get to boiling, it can circulate in this vertical
pipe, which it would not do with the horizontal pipe
shown by dotted lines.

The blow-off valve for high pressures has given a

4



About Safety Valves.

great deal of trouble. Put on two valves, both extra
heavy solid disk gate valves with outside screw.

When using, the valve nearest the boiler is opened

first and then the other. When closing, the outside is
closed first. This brings all the wear on the outside
valve, as the inside is always balanced and moves freely.

- If preferred, an asbestos packed cock can be used for the
outside valve.

Lever safety valves have about gone out of date.
They or- single-seat spring valves should never be used
alone, but there should always be a double seat or “pop”
safety valve. The latter, with a rise in pressure of 3 or 4
pounds, will open wide, and no further rise is possible;
while with the two first the pressure may rise 20 to 40
pounds before the valve will relieve it. For years to
come, in some cases, lever valves will be used.

“Pops” are set before leaving the factory. They
can be changed by tightening or loosening the spring,
—one side of the hex nut for five pounds, but if this is
changed very much the ring at the bottom of the valve
wants changing to preserve the sensitiveness of opening
and closing. All boilers should have two safety valves.

The rules for area of safety valves are: For “pop”
valve allow 1 square inch area of valve for each 3 square
feet of grate. For lever valves allow 1 square inch for
each 2 square feet of grate; or, multiply the weight of
water evaporation per hour by .005; the result is area
of valve disc in square inches.

The water gage fittings should all be of a heavy
pattern, and the glass gage 34 inch. The water glass
gage should have automatic valves in the event of the
‘glass breaking, or else levers on the valve stems, with
chains so that the gage can be shut off. In case the
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Side Walls.

glass breaks and none of these are at hand, always shut
off the water, or bottom, valve first. By doing this and
using care one need not get burned. If steam is shut
off first, look out.

When building a bridge wall, put the fire-brick face
as shown in Fig. 14.

When the brick on the face are laid up square, the
tools used in cleaning the fire will gradually knock off the

Fig. 15. How Side Walls Should Be Built.

top course, and after a time the whole bridge wall disinte-
.grates. Putting in bricks as shown locks the top brick
effectually and makes a durable wall.

When building the side walls the same course should
be taken in putting in the fire-brick at the furnace as
shown at the bottom of the bridge wall. This makes
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Fire Brick Arch.

repairs quickly and cheaply done. This is shown in
Fig. 14. These are headers above the clinker line, then
a stretcher for binding, then all headers, but the top bricks
are wedged so as to have the top ones embedded.

This form of construction accomplishes two things:
The bricks at the bottom burn out, and they can be taken
out up to the stretcher, which will fall out, leaving the
remainder of the wall intact. The bottom brick and
stretcher can be replaced without the necessxty of taking
down the whole face.

Where air space is left, it should be 3 or 4 inches
next to the outer course of brick.

Fig. 16. Making a Fire Brick Arch,

The walls should be sloped away from the boiler as
shown, leaving a space not less than 3 inches from the
shell until the wall closes in to the boiler.

Fig. 16 is a design for making an arch with fire brick.

It consists of an iron form, as shown by the heavy
line which can be either of wrought iron bent into proper
shape for any length or radius of arch desired, or it may
be of cast iron,

The brick are built into it tight and the structure is
set into place.

It can be used over doors or at rear of boilers.

As the metal is protected by the brick, the arch will
last until the brick are burned out, if no mortar is put
between them ; that is, if the brick are laid solid.
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Furnace Plates.

For a plate over the furnace the style shown in Fig.
17 is the best, if cast iron is used. This was designed by
the Hartford Steam Boiler Inspection & Insurance Com-

y.

With this form the iron next the fire can expand
until the spaces are entirely closed, and the plate will still
keep its shape. The casting can be made in the form of
a box, so as to take in the sides and top of the door; but
it should all be serrated, as shown, on the side towards
the fire.

Shell boilers are usually supported by two lugs on
cach side. The rear lug should rest on rollers. It would

Fig. 17. Best Cast Iron Plate for Over Furnace

be a better plan to put up columns and channel bars and
hang the boilers from these, after the manner in which
tube boilers are supported, so as to have them entirely free
from the brickwork. This would make the boilers more
expensive, and as one reason for putting in this type of
boiler is the low first cost, this form of support is rarely
attempted.

Fig 14 shows a pipe leading from the safety valve for
a distance and then turned up. This is unsafe unless
there be a firm support under the ell. Wherever there is
an open end just beyond an ell, the ell should be well sup-
ported. Pipes like this will break open the valve case
when blowing off. One man had one ear partially torn off
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Floor Plates.

at one time with a 34-inch. drain pipe put up in a similar
manner.

There should also be a drain at the ell. The better
plan is not to put any pipe from the safety valve, but let it
blow directly into the boiler-room. If this is done, one-
can always see just what the valve is doing.

At one place where the pipe from the safety valve
led out of doors in a horizontal direction, the valve leaked,

.
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Fig. 18, Floor Plates.

and one cold Saturday night the pipe filled with ice. The
fires were banked, but during Sunday night the boiler
got to making steam, and while the safety valve did its
duty the steam could not get away, and an explosion was
the result.

For a floor for boiler-house put in Portland cement
concrete. Where no teaming is to be done on it, 4 inches
will be sufficiently thick. Where teams bring in the coal
it should be 6 inches. There should be a drain at the
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Draining of Floors.

corner of each boiler, leading down into an underground
drain.

The floor should slope in all directions to this drain.
When this is done all water flows away quickly and the
floor can be washed at any time. There should be a 1-
* inch water pipe of cold water brought to the boiler-house,

if the pumps are in another place, and plenty of 34-inch
hose on hand for wetting ashes and washing the floor.
In front of the boilers the floor should be of iron, as
this will not wear out with the shovel and will stand hot
ashes.
Front of boiler put down a floor of iron plates like
Fig. 18. These plates are 34 inch thick, diamond tread on
top and ribbed on the bottom. They are 24x30 inches,
‘and can be laid in two rows, so as to make the iron floor
4 or 5 feet wide, as desired. They are laid in soft cement,
and should be hammered down to place, when they will
~stand all sorts of hard usage.



Boiler Explosions.
vYyy

Boilers explode in all cases from lack of strength
to sustain the pressure.

In some cases a sound boiler explodes from more
pressure than it was designed to hold.

Boilers become weakened from many causes.

Pitting is one cause.

In some cases the water is of such nature that scale
is formed, and underneath the scale there will be pitting
that can be discovered only by the removal of the scale.
It may be caused by insufficient circulation.

In a tubular boiler the circulation rises over the
fire, passes along the top of the rear; then descends and
flows along the bottom, when the boiler is properly set
and worked.

Should such a boiler be run for any considerable
portion of the time at one-quarter its duty, the circulation
would stop before it reached the rear and descend, leav-
ing the rear of the boiler without circulation, and the
stagnant warm water at the rear would cause pitting.

Sometimes acids in the water will cause it.

One of the worse things is ammonia from sewage
in the water.

The writer had a case of this kind, and succeeded
in stopping the pitting until a better water supply was
secured, by painting the sheets with red lead and boiled
linseed oil.

External corrosion will be caused by water or damp-
ness getting on the outside of the shell. One of the
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Destructive Explosions.

surest things to cause this is water dropping from a
leaky valve stem or flange joint.

Internal grooving occurs along the inside of the
joint and can be caused by the bending strain set up by
constantly* changing temperatures, caused by shutting
off and turning on the feed frequently, or firing unevenly,
at times having a very hot fire, then leaving it to burn out
until it is full of holes.

When these strains are set up and resisted by the
stiff seam it opens the surface of the metal at that point
and makes it easy for impure water to attack that point.

Unequal expansion will weaken iron so that it will
let go easily. This is caused by sudden changes in
temperature by incidents named in the preceding para-
graph, by the practice of many in cooling off a hot
boiler by filling it full of cold water several times while
the brickwork is hot; by regulating the steam pressure
by opening and closing the furnace doors; by feeding
the boiler over the hottest part, thus bringing great
strains on the boiler at that point and checking the cir-
culation throughout the entire boiler.

Boiler explosions are destructive, because of the
expansive force of steam. A boiler well filled with
water will be the most destructive, because, as the rup-
ture occurs and the steam expands and the pressure is
reduced, the heat in the water liberates a large amount
of steam instantly. This can be observed when blowing
water out at the blow-off or at the water gauge. It will
be noticed how largely the stream of water expands
and that a large portion of it appears to be steam.

At 150 pounds pressure a cubic foot of steam will
weigh .885 of a pound and the temperature will be 366,
the heat units 1224.
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Facts About Steam.

A cubic foot of water at the same temperature will
weigh 5574 pounds, and the heat units contained will be
366 X 5524 = 20220, a large portion of which is ready
to become steam at a sudden lowering of the tempera-
ture. '

Sensible heat is that portion that can be measured
by a thermometer.

" From 32° to boiling the thermometer will register
the heat added to water, and this heat is termed sensible.

After the water reaches the boiling point the tem-
perature is not raised, but the heat is absorbed in evap-
orating the water. This cannot be measured by a ther-
mometer and is called latent heat, or the heat of vapori-
zation. The amount of this heat is determined by che
heat that can be imparted to other bodies when the
steam is condensed and changed to water at 212°.

The total heat is the sum of the sensible and latent
heat.

The temperature of the steam and water will depend
upon the pressure.

At the pressure of the atmosphere the sensible heat
will be 212°, the latent 996° and total 1178°. The
weight of a cubic foot will be .038.

At 100 pounds pressure the sensible heat will be
338°, the latent 875 and the total 1223. As the pressure
rises, the total rises slowly, the sensible rapidly, while
the latent decreases.

The properties of steam are its sensible, latent and
total heat, volume and pressure. These are all given
in steam tables. Most steam tables are given from 32°
and 15 pounds pressure, and when so given to the steam
pressure must be added 15 pounds, or rather at 50
pounds, look forward to 65 pounds, and also add 32°
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Too Light Pipe.

to the total heat. Thus, if the total heat in steam table
is given as 1190, by adding 32° to it gives 1222,

Water is heaviest at 39.1°. As the temperature is
raised above this, the water expands and grows lighter.

Because of this property, when it becomes steam its
expansion is so great it moves the manufacture and
commerce of the world.

All matter other than water continues to contract
as it grows colder. Unlike everything else, water con-
tracts and grows dense as the temperature decreases
until it gets to 39.1°, when it begins to expand, so that
when it gets to 32° and ice forms the ice is lighter than
the warmer water and floats on top. Were it not for
this, when ice formed it would be at the bottom, turning
the streams into glaciers, destroying all life therein,
shuting off all water supply and making the northern
and southern portions of the world a desert.

Piping.

In the matter of piping, an important item is the pipe
itself. It should be of iron, as steel pipe ruins dies and
the threads are inferior. The pipe should be of full stand-
ard thickness. The outside must be of standard diameter
to insure good threads, and if the pipe is thin, the thread
will go through on one side. If the outside of the pipe
is not full size, the thread will not be full and a tight joint
impossible.

At one place a company decided that it was large
enough to have a purchasing agent, and this agent bought
some pipe at a greater discount than the company had
been getting. The engineer showed the pipe to the sec-
retary, pointing out to him that it was deficient both in
weight and thickness, but the secretary, after a talk with
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About the Weld.

the dealer, decided that the pipe was stamped with the
name of a maker who had a national reputation and
that it was all right. The company paid for it in repairs
later.

Soon after this the engineer was at the works where
the pipe was made, and he asked them how they came
to put their name on thin pipe. The reply was that very
few bought full-weight pipe and very little was made;
that it came about in this way: A contractor would bid
low on a job and would buy his pipe by weight; a dealer
would try to give a bigger discount than another dealer,
and he would order his pipe by weight; a concern would
get a new purchasing agent, who would try to make a
better showing, and he would buy of the dealer giving the
best discounts; so that everything was working together
to reduce the weight, and of course the thickness, of pipe.

Another important thing is the weld. Pipe up to and
including 1%4-inch is butt welded, and 1%4-inch and above
is lap welded. The weld should be such that it will not
give out when it is necessary to cut long threads, neither
should it crush under pipe tongs. There are brands of
pipe that will stand neither of these tests.

Another important thing is the threading of pipe and
fittings. When threading fittings, it is absolutely neces-
sary, in turning out good work, that the taps be standard
thread and taper ; that there be a stop, so that the tap will
go a certain distance and no farther, so that all shall be
tapped to a uniform depth. When the pipe is threaded,
equal care should be taken.

Many accidents have occurred because the taper was
not right, or the thread was not long enough, and the pipe
has pulled out. Cases are not rare where a 4-inch pipe
has been put in with less than five threads. In some cases
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Pipe Threads.

the taper is too great or the die has been run over it two
or three times, reducing the end of the thread, and though
the pipe may be screwed in the full length of thread, it
actually holds only by the imperfect threads at the bot-
tom, and all others are soon corroded.

The short and imperfect thread on pipes is usually

Standard Pipe and Pipe Threads.

=
STANDARD ¥ 'E’:. o -
PIPE s i
AND ke |
PIPE IR
THREADS, i 4 )
wndk §

A == outside diameter of perfect thread.
B = inside diameter of pipe.
C == root diameter of thread at end of pipe.
D == outside diameter of thread at end of pipe.
E = length of perfect thread.
F— total length of thread.
G == length of perfect thread plustwothreads.

BRIGGS" FORMULA.
E == perfect thread == (4.8 + 0.8 4) P,
P = pitch of thread —1-:,-.
N= number of threads.
F == length of taper at top.
Taper " to one foot.
1
Height of thread = 8 —,
N
G = length of taper at bottom.
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Standard Pipe Tables.

made when piping is cut where the work is put up and
the men have hand machines. The dies are usually dull,
and the men stop as soon as they have a thread long
enough to screw up and make a tight joint.

The thread and taper for pipes that have been gener-
ally adopted are known as the “Briggs standard.”

1

Stzs. | Thread. A . ° ® L " .
|27 405 270 334 393 .19 41 1264
2118 540 364 433 522 29 62 402
4 18 £75 494 567 656 30 63 408
i " 840 623 702 816 .39 82 534
2 " 1,050 824 I 1.025 4 83 1546
1 11 1.315 1.048 1.144 1.283 51 1.03 683
1 1 1.660 1.380 1.488 1.627 54 1.06 107
‘1 14 1.900 1.611 1721 1.866 55 1.07 J24
2 m 2375 2,067 2,200 2.339 58 1.10 157
4 ] 2.875 2.468 2,618 2,818 89 1.64 1.138
3 ] 3.500 3.067 3:243 3.443 95 170 1.200
3 8 4.000 3.548 3.738 3.938 | 1.00 1.75 1.250
4 8 4.500 4.026 4.233 4443 | 1.65 1.80 1.360
“ ] 5.000 4.508 4,733 4.933 | 110 1.85 1,350
§ 8 5.663 5.045 5.289 548 | 1.16 1.91 1.406
(] 8 6.625 i 6.347 6.547 | 1.26 2.01 1.513
7 ] 7.625 1,023 7.340 7.540 | 1.36 21 1.612
-8 8 8.625 7.981 8.332 § 8.532 | 146 221 1.712
9 8 9.625 8.937 9.324 9.524  1.56 2.31 1.812
10 ] 10,760 | 10.019 | 10.445 | 10.845 | 1.675 | 2.425 | 1.925
n ] 12,000 | 11,224 | 11.694 | 11.89¢ | 1.80 2,55 2.050
12 8 13.000 | 12,180 | 12.685 | 12.885 | 1.90 2,65 | 2,150

The threads have an angle of 60 degrees, but are.
rounded off slightly at top and bottom, so that the depth
of the thread is only four-fifths as great as it would be
if the threads were sharp. The outside surface of the
pipe is tapered to a certain distance from the end, the
standard taper being such that the surface inclines
towards the axis of the pipe by 1 in 32. This makes the
total taper, as measured by the variations in outside diam-
eter, equal to I in 16, or 34 inch to the foot. The total
length of the tapered part is given in the table.
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High Pressure Piping.

For some reason it has become the custom to list
pipe above 12 inches inside diameter as O. D., or out-
side diameter. At the present writing there is a move-
ment on foot to list 10-inch pipe and above as O. D.

Fig. 19 shows a section of 5-inch pipe reproduced
from The Locomotive. The taper is slightly exaggerated
for greater clearness. Two threads, it will be seen, are
perfect at the bottom but flat on top, and four are imper-
fect at both top and bottom.

Standard weight pipe will withstand any steam
pressure that will ever be put upon it if the weld is good
and the threads perfect. ‘

For hydraulic work up to 1,000 to 1,200 pounds
pressure, use ordinary pipe and fittings up to 34 inch.

[ ' ]
] 1
|

pu

om0t Sl - —— - —1.16% - —— )

Fig. 19. Section of Threaded Pipe.

Above that, extra heavy is safer. For those high press-
ures, cast-iron fittings are unsafe and brass should be
used. )

For high pressures, it is better to use flanges rather
than couplings, or sockets, as the end of the pipe in a
flange can be expanded or peened in. This should be
the case in all work 5 inches and over. The standard
flanges for heavy work are safe for pressures up to 130
pounds, but for larger work the flanges should be steel
castings, or, what is still better, drop-forged steel. Ordi-
nary cast iron is too weak and even iron in which there is
sufficient charcoal iron or steel to bring the tensile
strength up to 26,000 to 28,000 pounds is liable to crack.

For cold water at high pressures the tongue and
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Flanged Joints.

groove joint, where the tongue fits the groove accurate-
ly, with a thin rubber gasket at the bottom makes the best
joint. If the tongue does not fit the groove this joint is
but little better than an ordinary faced joint.

For steam, the use of rubber for packing is inadmis-
sible. For large work and high pressures, the making up
of large pipe mains requires close and accurate mechan-
ical work. It is a machinist’s job throughout. The
flanges require to be fitted as closely as engine work, and
after the pipe is put in the flanges and expanded, the ends

Fig. 20. Rabetted Joint. " Fig. 21.  Peened Joint,

still must be faced off. A rabbetted joint is shown in Fig.
20, in which a corrugated copper gasket painted with black
lead is used. This copper gasket packs the flange joint
and also the end of the thread on the pipe. If accurate-
ly done, this makes a tight and durable joirit, but is very
expensive.

Another joint is shown in Fig. 21, but this joint is not
trimmed after peening. The end of the pipe is peened in
the form of a round corner down on to the thread. Where
a pipe does not pulsate it will make a good joint, but
should there be pulsations so as to strain the thread and
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Joints Without Threads.

get it loose, it will eventually leak, and it is a bad joint
to tighten once it leaks at the thread.

Riveted joints on piping are apt to leak. Some jobs
of this kind are put up where the joints are all tight, so it
is claimed. The engineer never saw one of these jobs.

Fig. 22.
Van Stone
Pipe Joint.

e B

Fig. 23.
Mitchell
Pipe Joint.

All that he had seen, that had rivetted joints, leaked more
or less. Of course they can be caulked, but his observa-
tios led him to think that caulking a leaky joint that was
pulsating was not a thing to look forward to with
pleasure. :

Fig. 22 is the Van Stone joint, made by the Walworth
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Expansion and Leaks.

Company. This has no thread and cannot leak between
pipe and flange. Fig. 5 is a joint made by W. K. Mitchell
& Co. This cannot leak along the pipe. Both of these
joints need to be faced, and the flanges can be turned on
the pipe. In ordinary flange joints the gasket should
never be extended outside the bolts,

All drillings should be made in multiples of 4, and
then flanges can be turned. When a job is being put up,
all bolt circles and all drilling should be alike for the same
size of pipe.

Taking Care of Expansion.

I find a paper which states that for taking care of
expansion in steam pipes, expansion joints and corru-
gated copper have gone out of date and that the proper
way is to arrange to have a screwed joint acting some-
thing like a swivel joint in a gas bracket; except that in
this case the pipe swings back and forth where the pipe
is screwed into an ell or the flange of an ell.

All engineers know the result when a fitting is
screwed up too far and then has to be backed off. We
give the fitting another turn and use care next time not
to go too far.

Whenever a pipe is put up and the expansion really
works the thread back and forth, there will be a leak in
a short time. The reason there are not more leaks is
because there is spring enough in the pipes so that there
is no back and forth movement on the thread.

Expansion joints should be avoided wherever pos-
sible, as there is danger of their being misused in several
ways. They may be packed with something that sticks
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A Big Piping Job.

them; the gland may be screwed up sideways with the
same effect; they may not be set up in line with proper
guides, and they may not be properly anchored.

An expansion joint has the pressure on the area of
the pipe in which it is placed as well as the thrust on
the pipe from the steam turning the corner.

. There can be no shaking of pipes with expansion
joints, as, from necessity, the pipes must be anchored
solid.

The ideal way to take care of expansion is to have
the branch pipes long enough to have sufficient spring and
put in long curves.

A job of piping was put up to carry 160 pounds of
steam. The main pipe was 16 inches internal diameter,
and to supply steam to the engines there were two 12-
inch pipes taken off at right angles to the 16-inch pipe,
in which was an expansion joint.

- Before the pipe was put up the engineer designing
the work was replaced by others who simply bent a piece
of flat iron at right angles, put a strut across and bolted
it to a rough stone wall with 74-inch bolts to take the
thrust of the end of the pipe.

One thing was inevitable; the pipe let go.

Then came along a pipe man who suggested putting
in the thread twisting scheme shown in the cut of the
expansion piece. Fig. 23a, page 66.

His idea was that the pipe would twist on the threads
at each of the joints. From sheer good luck the pipe did
not twist on the threads and set them to leaking, but
twisted on the flanges.

Of course, a thing like this cannot be anchored until
you get to the point 4, and the shaking of the pipe togeth-
er with the expansion soon had the packing worn out in
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Don’t Use Copper Ells.

the joint that worked the easiest. There was a big leak
requiring a shutdown to put in a new gasket.

In a short time a flange on this joint cracked and
had to be bound. This joint was finally made sufficiently
tight so that the movement was transferred to another
one, which was soon in the same condition.

This arrangement was leaking so often and caused
so many shutdowns that it was finally taken out, the
expansion joint put back in the main pipe, and the end
of the pipe securely anchored.

It will be noticed that among the fittings in this hitch
up there are nine companion flanges. -

It-was in use about a year and a half and when
taken down there were five of these nine companion
flanges broken.

Copper ells for expansion have a way of bursting,
and copper is not a safe metal to use for this purpose.

As globe valves were formerly made, it was a nice
job to regrind them when leaks occurred.

After a time very ingenious machines were made
that would do accurate work. Attempts were made to
get valve disks that had a medium soft composition, from
a species of hard rubber to babbit metal. These are
liable to give out under high pressure. Valves are now
made with brass seats and disks, and both removable, so
that repairs can be quickly made. These should not be put
in with white lead. Some makers put their seats and bon-
nets together with white lead. The engineer that takes
these apart will find a nice job as it will be necessary to
get a torch and heat the outside before they can be taken
apart. He will then be glad to put them together with
black lead.
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Valve Openings.

Globe valves should always be used where it is neces-
sary to open and close quickly, or where it is necessary to
regulate nicely, like throttle valves, injection valves to
condensers, feed valves to boilers, etc. There is not so
much loss in pressure through a globe valve as is gener-
ally claimed, especially when used for steam.

The difference in an indicator diagram between a
globe valve opened one turn and full open is hardly
appreciable. :

A globe value should be put in so that the pressure
should come on bottom for two reasons: First, if the
pressure were on top the current of steam through or
past the valve will keep it vibrating and soon puall it off
the stem. Second, the valve disk when pressure is on
top will be held on its seat until all lost motion is taken
up, which will require about a turn of the wheel before
the valve moves, thus rendering it useless for close regu-
lation, and it will be no better in this respect than a gate
valve.

The throttle valves on straight-line engines are made
with one-half of the valve a solid disk and the other half,
or moving part, swings around on to it when the valve
is open, so that one-half of the diameter is always closed.
With this valve there is no wire drawing across the seat.

Professor Sweet told the writer a story of an engi-
neer who wrote him that he had found the trouble with
his engine; the valve was never half open, and he had
taken it off and put on a valve that could be opened full.
Professor Sweet wrote him that if he would take a dia-
gram from his engine with the new valve, then replace
the valve he had taken off and take another diagram,
should there be any appreciable difference between the
two, he (Professor Sweet) would pay for the new valve,
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Draining of Pipes.

The engineer admitted there was no difference.

For exhaust and water, gate valves should be used,
except as noted above, as these are not as lively as high-
pressure steam.

The first gate valves that came out had disks made
in two parts with a wedge in between. These wedges
have a way of wearing in such a manner that they stick
in closing. When this occurs with boiler blow-off valves
it causes cold chills.

The introduction of the solid disk saved all concern
about the valve closing easily and these have had the
largest sale. With the low pressure carried at the time
of their introduction it was customary to put in rings of
babbitt but it was soon evident that this metal was not
durable under heat due to 100 pounds of steam. Babbitt
seats have disappeared above a pressure of 70 pounds.

When high pressures of 150 pounds and superheat
began to be used it was learned that even brass seats and
disks would not stand the temperature and the valves with
seats and disks are all made of iron.

The old line of check valves with spindle or wings
for guide and vertical lift that, when they had become
somewhat worn would stick and require several hard
blows with a club before they would seat, have largely
gone out of use and been replaced with the swinging
check.

Sometimes a man, when connecting a steam pipe to
an engine, will incline the pipe towards the boilers as it
seems that the proper place for the water is in the boil-
ers and the drain from the pipe should go there. He will
learn that the drain will not flow back against a current
of steam. He will also learn that when the load is light
and the current of steam slow and apparently largely
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Fig. 24. Action in Pipes of Syphon
Condenser,
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Water in Steam Pipes.

along the top of the pipe, the water will loaf along
the pipe, fill up all pockets, etc., and when a heavy pull
comes on the engine it will all come over in body and that
it is better to slope towards the engine so as to drain all
the time and avoid any accumulation.

There was an excellent opportunity to observe the
action of water in pipes by the use of a syphon con-
denser set up as shown in Fig. 24. The engine had a
28x60-inch cylinder and the exhaust was 8 inches. The
engine was doing rolling-mill work and at times was
only carrying friction load. When the load was first
thrown off the vacuum would go from 23 to 26 or 27
inches. The vacuum would gradually drop back during
the light load to 22 inches, when, if there was no increase
in the load, there could be heard a rush of water in the
pipe and the vacuum would go up to 26 inches again.

The case was diagnosed in this way: When the
load was thrown off, the volume of steam in the exhaust
was small and the water condensed in the heater, etc.,
having such a long distance to travel would collect along
the bottom of the pipe. As it collected, it would lessen
the area of the pipe, thus partially choking the steam pas-
sage, causing a drop in the vacuum. The vacuum in the
condenser would remain the same, and when the differ-
ence in pressure in the condenser and that on top of the
water became great enough, or the pipe became choked
sufficiently so as to start a wave motion, the water would
be forced out of the horizontal pipe, up the vertical and
through the condenser without trouble. Durirg a case
of high water this pipe and a portion of the heater were
under water and ran without trouble.

This condenser would. at times get too full and would
run water over into the exhaust pipe, but if it was only a
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A Better Plan.

small amount and the pump was stopped, the
water would go out all right. Twice during its
use the pipe was flooded when no one was near
the pump, water hammer was set up and the
horizontal pipe burst, but in no case did any
water get back through the vertical part of the
heater. After this had been used for a short
time, there was so much trouble with it that
it seemed the better plan to change to the one
shown in Fig. 25. The exhaust here entered
at the top of the heater and passed out at the
bottom before it entered the vertical pipe. The
passage out of this heater to vertical pipe was
so short that there was no chance for an ac-
cumulation of water and there was never any
trouble of loss of vacuum from this cause. One
day, when the engine was stopped and drip
open, the engineer noticed a stream of water
running from the drip, and investigation
showed that a hole had become worn in the
coil and water was going from heater coil into
the exhaust. The coil was taken out and a
double coil put in, consisting of a 2-inch and

\

Fig. 25. A Better Plan.




Heaters and Condensing Engines.

1%-inch pipe. These pipes were screwed into headers
and one day both pipes pulled out. Feeding these pipes
was a pump with a 10-inch water cylinder controlled by a
pressure regulator that would keep the pressure up to 100
pounds. This forced water enough into the exhaust to
condense all the steam so that there was no pressure to
carry it away, and some got into the steam cylinder,
though not enough to break anything. Since that time

Nanaall afndNa

Fig. 26. Pratt and Cady Receiver.

this engineer has never put a heater in the exhaust pipe of
a condensing engine. The difference in temperature be-
tween the hot well and the vacuum, or the temperature in
the exhaust, will not amount to a saving of 2 per cent.,
which, in many cases, would not pay for the investment,
and when the risk is taken into account, he has thought
best not to assume it.

When draining, it is necessary in many cases to have
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Heating Liquids.

a place that will collect the water in such a manner that
steam cannot get by without forcing the water ahead of
it. The principle on which this is accomplished is shown
in a Pratt & Cady receiver for their old style return
traps, something like Fig. 26. Into this receiver the water
comes through the various drain pipes. On these pipes
should be check valves to prevent any interference one
with another. '

From this receiver the water passes out through the
central pipe. This pipe extends nearly to the bottom of
the receiver, and it is evident that no steam can get out
until the water has been forced out below the end of this
pipe. With such a system, the drip can be forced as high
as the pressure will raise water.

When heating liquids in vessels where steam cannot
come in contact with the contents, coils are used. If at
the end of the coil an ell looking up is used, it will not
be possible to get the condensed water out of the pipes
and have them do their full work, without forcing a suffi-
cient current through to drive all the water in the pipes
ahead of it. This means big coal bills. Immersed coils
can be successfully drained by putting a tee at the end
of the coil, as shown in Fig. 27, with a very short nipple
and cap on one end, a bushing and smaller sized pipe with
long thread at the other end. The small pipe reaching
into the tee should go below the bottom of the pipe, com-
ing into the side of the tee so as to drain the coil clear
to the bottom. The coil should be put in the vessel so
that there is a continual incline toward this tee. It will
drain-thoroughly and a trap can be used.

Another form made with ells is shown in Fig. 28.
These pockets, to be effectual, must be short.

70



Main Steam Pipes.

One method of putting up a main steam pipe is shown
in Figs. 29 and 30. This is a good system where there
are a number of small engines, and for such a purpose
it really requires no separator, for it is itself one form of
separator.

Where a main pipe is put up like Fig. 31, the drain
from the main pipe can be taken direct into the boiler by
the 1%-inch pipe, as shown. In this pipe there should
be a stop and swinging check valve and the pipe should
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Fig. 27 and 28. Methods of Piping.

enter the boiler below the water line. The pipe from the
boiler to the main pipe should never enter the main at
the bottom, as when the stop valve is closed it makes a
pocket for water. In some cases an extra stop valve is
put next to the boiler as an extra precaution. When this
is done there should be a }4-inch drip valve just above
this valve to drain any water that may collect from leak-
age through the top valve, and the bottom valve should
be opened first. The stop valve at main pipe should never

71



Main Steam Pipes.

DEF [%L |
Fig 29-30 Main Steam Piping.
oA

be omitted. Another method is to put the main pipe at
the proper level so that the connecting pipe from the
boiler may lie level. This has to be done where there is
not sufficient height for the other plan. Fig. 32 is a top
view. This is equally as good a plan, but the main pipe
may not be high enough to drain back into the boiler.
It is claimed that 7 feet elevation above the water is neces-
sary for this, although good work has been done with an
elevation of 4 feet.

In large electric stations it is good practice to put in

Fig. 31. Another Way. Fig. 32. Top View.
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Main Steam Pipes.

two steam pipes and two water pipes. Where this is
done and there are two lines of boilers it is usual to run
the main lines through the center of the boiler-room.
This necessitates the crossing of one of the main lines
with a pipe from each boiler. These cross-over pipes
should not go under the main pipes, as this forms a
pocket on top of the stop valve when closed. The cross-
over pipe should go over the main pipe, as shown in
Fig. 33.

Fig. 33. Plan for Crossing Pipes.

Where the pipes are not too long, the expansion can
be taken care of with generous curves in the pipe. Pipes
300 feet long or-more require very circuitous routes.
When curves like Fig. 34 are put in, they should be laid
horizontally to prevent the trapping of water. Curves
of this kind should never be put in with fittings or
flanges, as they would be leaking in a short time.
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Curved Pipes and Slip Joints

Fig. 34. Curve that might Trap Water.

I
Wrought iron expands ——— of an inch for each
150,000
degree change in temperature. To determine the expan-
degrees change X length in inches
sion of a pipe: =
150,000 )
expansion, A pipe 300 feet long or 3,600 inches under a
steam pressure of 150 pounds becomes, if we take 70
degrees as the temperature of the pipe before steam is
3,600 X 293
admitted, ——————— = 7 inches expansion.
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‘Water Hammer.

Slip joints are made like Fig. 35. They should be
accurately guided, as the sleeve should work as true as a
piston rod, and unless guided properly the gland can
clamp the sleeve sufficiently tight to prevent it sliding.

The pipe should be rigidly secured at each end, in
the first place, to hold the pipe from pulling apart from
pressure, and also to slide the joint in when the pipe
expands, and, in the second place, to prevent vibration
and to pull the joint out when contracting.

Large pipes should never be anchored to buildings,
as the vibrations will loosen the briskwork in time. The
pressure against the end, or a turn in the pipe, is the area
of the pipe multiplied by the pressure per unit of area,
and in addition is the momentum of the moving body of
steam. '

Water hammer in a pipe can occur only where there
is a dead end or an abrupt change in direction. It is
supposed to be caused by the water condensed in the cold
pipe being driven ahead by the steam, then a vacuum
being formed and the steam and water rushing together,
only to have the water driven forward again. The veloc-
ity of steam rushing into a vacuum and there meeting a
body of water gives the water a heavy impetus, and should
the water meet an obstruction, it receives a blow that will
shatter anything of ordinary strength.

Should water hammer occur when steam is turned
into a cold pipe, and should there be a valve of ample size
that can be opened instantly, the pipe can be saved ; if not,
there can nothing be done if the steam has traveled any
distance so that there is a large volume. Shutting off
steam from its source still leaves steam in the pipe, and
until the steam is all condensed, the hammer will be main-
tained until something gives way.
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About Traps.

An important item about a piping plant is a trap.
A trap is a trap, and it is unfortunate that it is impos-
sible to get along without them.

For large systems, and where live steam is used for
heating, some of the return systems are on the side of
economy. Where heating factories of more than one
story and where the buildings are not too far apart, the
engineer was successful in returning the water from the
pipes directly by gravity without any trap.

Where the work is not very important and the
amount of condensation is not large, an expansion trap
of good design will do the work all right.

The important thing about traps for main steam pipes
and separators in the same is that the trap shall be quick
and sure to operate, not liable to derangement; that it
shall have a large opening that can take care of a flood
of water should a flood come, and that it shall not close
until all the water is gotten rid of.

A trap having a small opening is liable to become
plugged. At one place one of these plugged-up with a
small piece of packing, not much larger than the lead in
a lead pencil, and a smash-up was the result.

At one mill a bell and spigott suction pipe was put
in, and the pipe being 10-inch diameter and 200 feet long.
This pipe was laid by skilled men and extra precautions
were taken in pouring and caulking the lead, and the
gravel was thoroughly tamped under it. It leaked badly
when the pumps were put to work. It takes but little
expansion to draw a pipe with a lead joint sufficient to
leak enough air to make trouble in a suction line or in
gas mains. For water pipes under pressure, the small
leaks are readily absorbed by the ground. Flange pipe
with thin rubber gasket inside the bolts will give less
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Suction for Pumps.

trouble and can be made absolutely tight with care.

When connecting a number of pumps to one suction
pipe, some pumps may have more “pull” than others, and
the latter may not be able to get any water. The safer
plan is to put in check valves in all the branch pipes, as
shown in Fig. 36. Should there be a small pump in con-
nection with large ones, put the connection to this at the
bottom of main pipe, or put the end of suction through
the top and let it project into the main pipe nearly to the
bottom. The large pumps can better take care of the
small accumulation of air than the small one.

b B B

Fig. 36, Check Valves in Branch Pipes. -

Drip Pipes for Cylinders.

Drips were laid out for a tandem compound engine
having piston valves. The directions were to lead the
drips from the steam pipe and the drip from the receiver
in separate pipes out of doors, the drip from the receiver
to have 'a check valve and trap. The drips from each
cylinder were to be connected with check valve in each
end and carried separately to the condenser. The
engineer did not see them put up, but after a short time
he heard complaints about the large amount of water
that came over in the steam pipe and that it took an hour
to get the engine started, the trouble being with water
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Cylinder Drip Pipes.

Fig. 37. The Wrong Way to Pipe Cylinder Drips.

in the low pressure cylinder. This seemed strange until
an investigation showed the connections made (as in Fig.
37) with all the drips connected together.

The way they worked was this: The pressure in the
receiver and from the steam pipe was greater than in the
low pressure cylinder; the low pressure cylinder having
piston valves on the side, there was no chance of getting
rid of the water except through the drips; the pressure
in the drip pipes from steam pipe and receiver being
greater than the pressure in the cylinder, there was no
possible chance for the water to escape. The drip from

Fig. 38. Another poor way to do it.
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Steam Heating.

cylinder and receiver were taken out of the other pipe
and were carried away separately and there was an end
to the trouble.

Drips are often connected as in Fig. 38, the drip
from steam pipe being connected to the cylinder drips,
and when starting all are wide open. The result is that
the pressure from the steam pipe prevents the water from
escaping from the cylinder and the piston slaps in the
water for some time. The drip from the steam pipe
should never be connected with the cylinder drains, but
when so connected the steam pipe drain should always
be closed when starting the engine. In one case where
the drip from steam led to a receiver on a compound
- engine, and this pipe had the compound gage connected
" to it, it was found that by giving the valve one-half turn
the pressure on the gage would go up to 50 pounds and
yet there would be no pressure on the receiver, the pres-
sure being due to friction in the pipe.

Piping for Steam Heat.

When heating a building with exhaust steam the pipe
should go to the top of the building first, and, leading
" downward, branch out to the radiators. Air is nearly
double the weight of steam, and if steam is taken to the

radiators on the rise, the air will flow into the radiators- -

instead of ascending. When taken from a descending
pipe, a large portion will flow right through to the bottom,
and there will be much less trouble with air in the radia-
tors. Fig. 39 is an elevation showing the arrangement of
piping followed in a large hotel. The pressure is just
below that of the atmosphere. The first radiators that
were put in had 1 square foot of surface to 75 cubic feet of
space. This was found to be not sufficient. There was
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DROP TO RADIATORS
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Piping a Receiver.

then put in I to 50, except at the northwest corners of
the building, where it was made 1 to 35. This was found
more than actually necessary, but was a better fault than
to have the heating surface small. Steam can be turned
on to the radiators at any time, and there is no cracking
in the pipes.

When piping up the receiver for a compound engine
it is customary to do it something on the plan of Fig. 4o.
In work of this kind there should be a check between the
receiver and the trap to prevent air drawing back, should
the pressure in the receiver go below that of the atmos-
phere. Should this occur and there be water present, it
would surely get into the low-pressure cylinder.

Should the trap not open properly the receiver will

N
_

2
N/

Fig. 4o0.
Piping up Receiver of

Compound.
fill with water and a large body of water go over into the
engine. For this reason some engineers have advocated
the taking of steam to low-pressure cylinder directly under
the receiver. This method would not furnish so dry
steam, but the moisture would be uniform, and not in a
body should the trap fail to work.

The better plan is to leave out the receiver. One

builder has tried both ways and can find no difference in
economy and has given up the receiver.
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Mason Work.

vwvyy

The best way to learn how to do mason work is to
observe that which is being demolished.

A man was employed in a growing establishment
that removed a great many buildings, foundations, etc.,
and had the opportunity to study the result of different
methods. He has seen brick walls pushed over. In
some, the bricks have been broken and when these were
cleaned it required a large amount of labor. In others,
when the wall fell the bricks all separated readily and
were cleaned with little trouble.

When the first were laid the bricks were wet, or
there was cement in the mortar. In the latter case the
bricks were laid dry with lime mortar. In some cases the
voids between the bricks were only partially filled and
the wall came to pieces easily although the mortar ad-
hered to the bricks. Observing the above, engineers have
called for bricks to be wet except during freezing weather,
and also are careful that plenty of mortar shall be used
and that cement shall be added.

Masons generally, if left to themselves, will sling a
little mortar on to the place where the bricks are to be
laid, especially in the inside courses, lay in the brick,
spread the mortar over the top and smooth off with a
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Laying Bricks,

trowel. The brick are held by the small amount of mor-
tar top and bottom, and there will be very little at the
sides and ends. When mortar is simply slung over the
top, or “slushed,” as masons call it, the mortar does not
penetrate between the brick more than from 1-16 to 1-4
of an inch.

When laying the inside courses there should be suffi-
cient mortar put in, so that when the brick is pushed into
it, it will come up on all sides clear to the top of the brick.
It should not be smoothed off even when the inside course
is even with the outside except on the last level at night.
A wall laid in this manner will be strong and more nearly
air tight. :

Lime mortar should be made by slacking lime en-
tirely covered with water to prevent burning. It should
be mixed some days before using and should consist of
about one part lime to five parts sand. When cement is
to be used with it, the cement should be mixed thoroughly
with water and added to the mortar just before it is used.

Pure lime will not “set.” It is only when mixed
with impurities that it has “setting” qualities. Should
clay be burned with it, it becomes cement, and the more
of these impurities the slower it will slacken and the less
heat will be given off during the slacking process. Cer-
tain clays are made up of silica, alumina and iron oxides.
Some lime rocks contain these impurities and are val-
uable for making cement. )

Lime mortar hardens when exposed to the air and
will harden in a wall only as fast as the air enters and
comes in contact with it. No matter how old lime mortar
is, if taken out of a wall and immersed in water, the lime
will dissolve and leave the sand free. Quicklime is simply
limestone heated or burned in a furnace.
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Cements.

Rosendale cement is made from a limestone rock
containing, or having added to it in form of clay, about
30 per cent. of silica, 8 per cent. of alumina, 3 per cent. -
of iron oxide, 33 to 35 per cent. of lime, and the balance
made up of magnesia. It is burned in a furnace of brick
construction, large at the bottom and ending at the top
in a small chimney. A layer of fuel is put on the bottom,
then a layer of the stone and clay, then a thin layer of
buckwheat coal, and the furnace is filled up in this man-
ner with stone and coal. Some kilns are made to dump
the whole amount in the kiln every night, while others
are arranged to run continuously, and the stone is taken
out as burned. All stone, properly burned, are then
ground and the Rosendale cement is ready for the pack-
ers. It sets slowly, but will continue to grow hard for
years. It is not suitable for work that needs to be used- .
at once, but makes good construction where there is two
to four months’ time for it to harden. It will not stand
frost for a few days after it is laid. It is claimed by some
of its advocates that at fifty to one hundred years it will
be stronger than the quicker setting Portlands. It is a
long time to wait. It has the merit of being cheap.

The manufacture of Portland is a much slower and
more expensive process, and requires several times the
outlay for buildings and machinery.

The stone is first quarried and run through a crusher
and then to a dryer, where it is thoroughly dried. From
there it goes to the ball mill, which is a cylinder about
4 feet in diameter and 5 to 6 feet long. These mills
are lined with armor plate and partially filled with steel
balls, weighing 20 pounds each. Outside of the lining
are screens, so arranged that the stone that does not pass
the screens is thrown back into the mill. The stone first
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Making Cements.

goes through these ball mills and is partially ground while
the mills revolve. From the ball mills it goes to the peb-
ble mills, which usually are 5 feet in diameter by 20 feet
long, laid horizontally and revolving on trunnions.
These mills are filled half full of imported pebbles,
from 114 to 214 inches in diameter. These pebbles are
very hard and their work severe. When the stone leaves
the pebble mill it is so fine that 95 per cent. of it will pass
through a sieve having 10,000 meshes per square inch.
From the pebble mill it goes to the kilns. The kilns
are 7% feet in diameter and 6o feet long, placed on an
incline, and revolve from one to three revolutions per
minute. The fire is at the lower end, and is coal, pow-
dered as finely as the stone and blown in with air. The
stone enters at the upper end, and finally is subjected to
a temperature of 3,200 degrees. It is all melted, and
emerges from the kiln in the form of clinker, very hard
and very heavy. In some mills it is cooled and taken
direct to the grinding machinery; in_others it is placed
in storage, where from a day’s to a week’s supply is kept.
The grinding of the clinker is the same process as the
grinding of the stone. After the grinding it is taken
to the stock house.
Its chemical composition is about 63 per cent. lime,
20 per cent. silica and the balance alumina and iron.
There should not be to exceed 2 per cent. of magnesia.
The rock is usually carbonate of lime, but during its
passage through the kiln the carbonic acid is driven off.
The utmost care must be exercised all the way
through. The chemist must examine the rock before it
goes to the crushers and see that the right proportions
are started, and must follow it all through the various

8



Properties of Cement.

processes, so that it shall be correct when it finally reaches
the storehouse.

After the cement reaches the storehouse its physical
properties must be tested. In the laboratory the cement
is kept at a uniform temperature, so that all comparisons
shall be accurate. .

Briquets are made having a cross-section of 1 square
inch in area. The amount of water and cement are both
weighed and thoroughly mixed with a trowel. This mix-
ing is not simply turning it over, but all the pressure pos-
sible is put on to the trowel to make as compact a mass
as possible. Some of these briquets are allowed to set in
air, and some in.water. At one day, seven days and
twenty-eight days they are tested by being pulled apart
in a testing machine, and a record kept. One set is kept
in boiling water twenty-four hours, and must not crack
nor disintegrate, and must also undergo the tensile test.

A cement manufacturer keeps a record of the physi-
cal and chemical properties of all of the product he sells,
and if it is condemned, he can guess pretty nearly the -
reason.

It is important that a cement should not set too
quickly, as it could not be handled fast enough to get it
into its place.

To determine the setting, a “pat” is made, this pat
being about 2 inches square and % inch thick, with thin
edges, by thoroughly mixing and strong compression
with a trowel. Note the time when the pat becomes hard
enough to sustain a wire 1-12 inch in diameter, loaded
with 74 pound. When the wire is sustained, the initial
set has commenced. Itshould not be less than 45 minutes.

When it will sustain a wire 1-24 inch in diameter
loaded with 1 pound, the set is complete.
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Testing Samples.

It should not be less than two hours, nor more than
six hours. The water, cement and room should be about
70 degrees Fahr. Much warmer than this the set will
be quicker, and colder the set will be slower. The weight
of water should be about 20 per cent. of the weight of the
cement.

Specifications for cement in many instances are
peculiar. Some engineers specify that the cement shall
be fresh ground, and then follow that up with the re-
quirement that the initial set shall not be less than 45
minutes. Fresh ground cement will hardly stand this
latter test. Cement is improved by having some age, and
should stay in the storehouse for at least one month.

A United States engineer advertised for cement and
one of the clauses was: ‘“After being mixed neat and
filled into a glass bottle, or similar vessel, and struclk
level at the top, it must not crack the vessel in setting,
nor rise out of it, nor become loose in it by shrinking.”
He got one bid. Cement should expand about one-thou-
sandth of its volume in setting.

It is surprising what different results will be obtained
by different men who are skilled in testing.

A sample of cement was taken to a college labora-
tory, where it failed to fulfill the requirements. The
manufacturers sent their representatives and he showed
15 per cent. less than the result of the first test. A rep-
resentative from a certain testing laboratory made a test,
with the result that he showed 50 per cent. better than the
first test, and brought the cement beyond the requirements
of the specification. All these tests were from the same
sample of cement, using the same sand, mixed and molded
in the same laboratory and broken by the same machine.

Cement, when set, should be uniform in color and
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Mixing with Sand.

free from all blotches or spots. Unless colored, it is usu-
ally light in color when hard.

These three substances—lime, Rosendale and Port-
land cements—are what the engineer must rely upon
for holding his masonry structure together.

The next important thing is sand. This should be
clean and sharp and free from soil or dirt of any kind.
Any loam with it will retard its setting and the com-
pleted work will be inferior. 'When sand is fairly dry,
by squeezing a handful of it, it should leave the hand
clean. Putting it into a glass of water the water would
remain clear.

It is calculated that sand has voids amounting to one-
third of its bulk, so that if one part of cement be mixed
with three parts of sand the voids will be filled and there
will be no increase of volume in the sand, and that to use
less cement than the above will leave voids in the sand,
depending on the less amount used. This must depend
somewhat on the size of sand used. In an engineer’s
experience he found that one part sand and one part
cement made a quicker setting and a stronger mixture
than one to three. He also learned that there was a vast
difference in the different brands of cement. A specially
good brand of cement will carry four parts of sand and
make as strong concrete as another brand will when
carrying three parts.

When using Rosendale cement, it would be well not
to use over two, or at most two and a half, parts of sand.
From the above it will be seen that the lower priced ce-
ment is not always the cheapest.

Lime, and Rosendale cement will not stand frost.
Portland cement of good quality that will stand the boil-
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Winter Masonry.

ing test will withstand frost where it does not become
frozen before the final set.

Some foundations were put in an open field where
the temperature remained from 10 to 18 degrees below
zero for a number of days, and the concrete was first class.
This concrete was protected only by the forms. In this
case boiling water was used on the sand and stone so as to
get as much of the frost as possible out of them.

Brick walls have been laid with lime mortar very
successfully in winter by the use of hot water in temper-
ing the mortar, and protecting the walls at night.

When mixing concrete in the proportions of one of

”
cement, three of sand, and six of broken stone, it will
require 114 barrels of cement and 1% yard of sand for
each yard of concrete. The stone should be broken to
pass through a 2-inch ring.

Cement is improved by working and driving down
solid, and for this reason the usual manner of writing
down specifications is that “only sufficient water shall-
be used so that when the concrete is well rammed the
water will just show on the surface.” To do this and make
a water-tight job and leave a smooth outside surface,
needs extra care in mixing.

As mixed in probably 75 per cent. of cases with the
above amount of water, there will be considerable stone
in places with very little of the paste between them, and
in other places it will be all paste and but little stone.

Because of this sham mixing, it is sometimes the
practice to wet the mixture to such an extent that it will
be “puddled,” and the paste will mix with the stone suf-
ficiently co make a smooth and water-tight job with but
little effort. Such a mixture cannot be rammed, and only
a thin tool is used to work it down well next the forms
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Concrete Work,

so as to make a smooth outside job. This is a favorite
plan around a job that must hold water—as dams, head-
gates and similar places.

For jobs of any size a good concrete mixer should
be used, and care should then be used that the mix is not
allowed to heap up in a high pile and the stone allowed to
separate, roll to the bottom and be put into the work
separately.

The stone used in concrete work should be crushed
from a good quality of either granite, a strong limestone
or trap rock. Stone of a slaty character of any kind, or
limestones similar in form to slate rock, do not make a
strong concrete.

Rubble masonry is fast going out of date, but when
laid with cement the work should be watched to be sure
that the stones are bedded in cement, rather than have
the stones laid and cement thrown over them, which is
a favorite practice, with many masons.

One way is to have rubble work “grouted.” This
consists in laying up the stone dry. The outside is then
pointed up with Portland cement, which soon sets.

A box is provided being 12 inches wide at the bot-
tom, 30 inches wide at the top, and 5 to 6 feet long. In
one end is a gate about 6 inches wide and 8 inches high
to let out the mixture. This rests on top of the stone
work. Should there be any leaks either in the pointing
up or at the gate in the box, it can be stopped by forcing

“into them paper taken from the cement barrels.

Rosendale cement is used for this work. Water is
put in the tub or box and the cement mixed. Then the
sand is put in, one of cement to two of sand. A man
stands at either end of the box with a hoe and keeps hoe-
ing up from the bottom so as to keep the sand and cement

o0 -




Examining Masonry.

from settling and to mix it thoroughly. Sufficient water
should be used so that the whole will run freely.

When mixed, the gate is slowly raised and the mix-
~ ture runs into the stone work, and if properly mixed it
will fill everything full, as it runs as freely as water, and
will make a thoroughly water-tight job. Such a job,
after it is a year or two old, will be a difficult matter to
tear down, except by blasting.

An engineer had seen so much of this work done and
the work was so solid that he attempted to use it in his
practice at different places, but found it exceedingly dif-
ficult to teach men to do this very simple mixing. They
could not learn to keep the sand in suspension and the
sand would run over the top of the work and stop it up.
There would be some cement at the bottom of the founda-
tion, a lot of sand on top, and the center empty, so he
had to give it up and use concrete.

He found a knife and a two-foot rule handy tools to
examine masonry. When brick are laid close, a knife
will determine whether there is any mortar between them.
Where they are a little wider apart, the end of a rule will
soon determine whether the joint is full or whether a
little mortar has been thrown over the top. He has found
many masonry walls of rubble laid in cement that he
could push a two-foot rule through in places after the
cement was set.

. When commencing a foundation, the first important
thing is the nature of the ground. If the foundation is
to rest on stone, the surface which is to receive the
foundation should be flat, or, if the stone is sloping, it

tould be cut into steps, otherwise the foundation may
stide.

A stone base will transmit vibrations, and sometimes
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Foundations.

sound, so that is not desirable for the base of founda-
tions for high-speed machinery where vibrations and
noise would be objectionable, as in an office building.

Damp clay is slippery, and will press in all directions,
going down at the bottom, in at the sides and bulging up
a short distance away. Dry clay has a tendency to draw
moisture from the air, and near the surface will expand
and- contract, depending on the weather.

In many sections it is treacherous. In some sections,
where the land is well drained and the surface water runs
away quickly, it makes a good base for a foundation when
the foundation goes 4 to 5 feet in depth. It will trans-
mit vibrations.

The ideal base is hard pan. This, next to stone, is
the nearest to being non-compressible. Next to hard pan
is gravel or sand. .

If possible, this should be compacted with large
quantities of water. Either of these will compress some.
The thing to provide for is that the foundation shall be
put down in such a manner that the settlement shall be
equal in all directions.

The bottom of foundations should be below frost,
otherwise the frost may distort them.

Good, compact sand or gravel will sustain 3 tons. per
square foot. It will sustain 6 tons if a few inches of set-
tlement in a few years are not objectionable.

Clay, when not subject to frequent soakings, may be
trusted with from I to 2 tons per square toot.

Quicksand, if it is held on all sides so that it will not
be forced out and can be kept dry, makes a good base.
Should water get in it, however, it will take but a
small hole to let it out, provided it has a place to flow.

Where soils are uneven and treacherous and can be
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Pile Driving.

kept wet, piles should be resorted to. City laws allow
from 25 to 30 tons on a pile. The usual specification calls
for a hammer of a pile driver to weigh 2,000 pounds, drop -
12 feet, and the last blow to be resisted by a pile sinking
only 14 inch. The question has been asked, “What is the
weight or force of such a blow?”’

A man, having a large number of piles to drive, fell
to working on this problem, and found ignorance on all
sides. He took it to a young man who analyzed it as
follows:

2,000 pounds weight falling 12 feet = 12,000 foot-
pounds energy. The pile sinking 1 inch = 1-12 foot of

space.
Energy = force X space.

energy
Force =
space
Energy 24.000 24,000 X I2
= = = 288,000 lbs.
space I-12 I
as the force of the blow, or the resistance of the pile, the
pile sinking 1 inch from the blow. If the pile sinks only
14 inch, there is no doubt about its being able to sustain
the 25-ton load imposed upon it.

The piles should be sawed off not higher than the
line of permanent moisture and a concrete base built
over them. They are driven 2% feet center to center,
and the concrete commences 6 inches below the top of
them, and should be 2 feet thick. This holds the top of
them so they cannot spread

Where piles have to go too deep, if there is sufficient
room, a base of concrete can be made broad enough so
that the weight will not be more than 1 ton or %5 ton
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More about Foundations.

per square foot, remembering always that the base should
be built so that if there is settling it should settle equally
all over. To accomplish this, a sub-foundation or base
should be put in, covering the entire ground, and made
2 to 5 feet thick, depending upon the weights that are
to be put upon it, and set some distance apart.

When building foundations for machinery, there
should be pockets left at the bottom, or a short distance
from the bottom, so that the bottom of foundation bolts
can be reached at any time. It is rare that foundation
bolts break, but when they do, to have a chance to get
at the hottom nut is worth a great deal. It is also handy
to be able to let a bolt down out of the way during the
erection or subsequent handling of the engine. The
pockets should be at least 18 inches square. The holes
through the foundation for bolts should be larger than
the bolt, so that the bolt can be swung around in the hole
if necessary. !

The anchor bolts should not be grouted in, as there
may come a time when it may be necessary to get them
out.

Should it be necessary to put new bolts into an old
foundation, a hole can be drilled somewhat larger than -
the bolt, a split with wedge put in the bottom and clean
Portland cement, without sand, put in the hole until it is
half full. There need be no fear of pulling the bolt out.

The general practice is to build foundations for ma-
chinery to within half an inch of the level of the base of
the machinery and fill this space with grout. This may
fill the space, no one knows. Air pockets may get in and
keep out the grout at the most important point.

A good practice is to leave the top of foundation 2 to
3 inches below the machinery and support the latter
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Foundation for Cross-Compound Engine.

Fig. 41
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Foundation for Compound.

on iron wedges. When the frame of the engine is leveled
and put into line, make a concrete of 1 part Portland, 214
parts sand and 5 of roofers’ gravel or of small crushed
stone of the same size. Put just sufficient water in it so
that when it is squeezed in the hand it would retain its
shape. This is pushed under the machinery with a stick
and rammed solid with an iron rammer. If too much
water is put in it will not stay in place, but will fall away,
so that care should be exercised that it is not too wet.
This method takes longer than grouting and is harder
work, but there is no doubt that it fits every place, that it
is in solid, and makes a filling that is much harder and
fits better than grout.

To prevent filling the holes around foundation bolts,
fill the top of these holes with waste, excelsior or some-
thing similar.

The cut shows a foundation with base covering the
entire ground under both foundations for a cross-com-
pound engine. This is a good idea in any case, and es-
pecially so if the ground is not of good gravel. This
plan shows pockets for getting at the bottom of the foun-
dation bolts so arranged that access can be had from the
wheel-pit side, allowing all around the outside to be filled
if desirable and a cellar not wanted. The holes for bolts
can be made by building in gas-pipe or boiler tubing or
square boxes of wood.

Stakes have been used a great deal. They should be
tapered, say from 4 inches at top to 2 inches at the bot-
tom, and made smooth. They should be soaked in water
for a week before using, so that they will not swell in the
masonry. They should be pulled out.as soon as possible
after the foundation is finished. For this purpose, they
should be sufficiently long to project 6 inches above the
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Stone and Brick.

top of the foundation. A light chain should be put
around the top and a lever of 4x4 timber, 12 feet long,
with a good fulcrum, will usually start them. If not,
have two or three men put a strain on the lever and hit
the stake a good, square blow directly on top with a
sledge and it will pop right out.

Foundations are built of brick, stone and concrete.
An engineer was building some foundations, for an elec-
tric station, of stone according to the terms of the con-
tract, when the civil engineer employed by the owners
objected and wanted them built of brick. The M. E.
asked for his reasons, and he stated that brick made a
better foundation and that all foundations'of that char-
acter in that vicinity were built of brick. The M. E.
asked him what an engine foundation was for, and he
replied that it was to hold an engine up. “No,” said the
M. E,, “it’s to hold an engine down and have it stay quiet,
and to do this requires weight and stability, and stone fills
the requirements better than brick, as it is heavier and
stiffer.”

To this the C. E. took exceptions, but after consult-
ing his books admitted that stone had more weight, but
would not agree with the M. E. that stone was stiffer and
that brickwork would spring. “Well,” said the M. E,,
““you go to any of the places where they have large engines
on brick piers, and if you can find a single one where
the engine is well loaded that it does not spring, I will
take out the stone foundations and put in brick.” The
M. E. heard no more about foundations.

Good Portland concrete is getting to be universal
for engine foundations, and is rapidly coming into use
for making bridges, dams, and buildings. A concrete
house costs about one-half as much as a brick one, and
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Brick and Steel Chimneys.

the same is true of mills. It can be molded in any form
and can be made to represent any kind of cut stone de-
sired at a minimum cost. ’

Chimney.

When it comes to deciding on draft, and first cost has
to be kept down, a steel stack is usually decided upon.

Carbonic acid and carbonic oxide gases are very de-
structive to steel, and a steel stack corrodes very quickly
on the inside. The heavy, self-supporting stack will take
longer to rust out than the thin, guyed ones, but they, too,
must give way.

Fig. 42 is a brick chimney that costs no more than a
self-supporting steel stack. It is very stiff and stands up
against wind pressure in good shape. The inside shell
is 12 inches thick at the bottom and 8 inches at the top.
It does not reach quite through the top. The outside shell
is 12 inches thick at the bottom and 8 inches during the
latter part, except at the enlargement at the top. Com-
mencing at the top, there are 18 inches for the bevel.
This has a cast-iron cap with rabbeted joints, so that no
water can get under the plate. Copper bolts, 74 inch diam-
eter, are built into the chimney at the top, and when the
cap is in place these are riveted. The cap reaches down
4 inches inside of the chimney and 4 inches over the base
of the bevel. The square part is 12 inches and the slope is
9 feet. Below this, for 30 feet, the chimney is straight,
and from that point to the bottom the batter is 2-10 of an
inch per foot on each side. As shown on the plan at the
base, buttresses are built into the outside shell and ex-
tend as high as possible. They should not come within 3
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Reasons for Plain Designs.

inches of the inner shell at any point. Above and below
the opening for the flue and at the top of the chimney
there is a 214x4-inch iron band built in next to the outer
course of brick, and every 10 feet there is a band, 174x%4
inch, built in in the same way, so that the chimney is thor-
oughly banded, and yet they do not show.

The mortar should be made of one part lime to five
parts clean, sharp sand, and when used one part Portland
cement to one part lime should be added. When added
the cement should be mixed with water before putting it
into the mortar, otherwise the cement will be mixed in dry
lumps. No more should be mixed than can be used with-
in three hours of the mixing.

The outer course should be laid in what is known as
“push joints,” viz., the mortar should be put on the laid
_ brick sufficient to fill the joint full, the brick laid in it and
pushed to place. This fills the joint completely full. Ma-
sons object to this because it makes a little thicker joint.
They like to stick a little mortar on the inside corner of
the brick and lay it down as in an ordinary straight wall.
This makes a-very thin joint at the outside, with often no
mortar for an inch or two, and a weak construction. All
interstices should be well filled with mortar for strength
and for tightness.

It will be noticed there are no rings at the top for
looks  nor any projections. All projections catch snow,
ice and rain, and as water is a universal solvent, where
there are projections there will be disintegrations.

There should be a ladder built on the outside of the
chimney of 74-inch round iron, the steps being 14 inches
apart, 14 inches wide and projecting 9 inches, so that a
man can put his leg through to rest. A chimney built as
above, 6 feet internal diameter and 125 feet high, cost

_ 100




Size of Chimneys.

above the foundation $1,850. One 814 feet diameter and
150 feet high cost $2,800, and one 13 feet internal diameter
and 200 feet high cost $8,750. The latter had 16-inch
walls for 70 feet.

The formula for area of chimneys:
120 X square feet of grate

Area =
V height

A table has been prepared by Mr. Wm., Kent and is
published in most hand books. Mr. Kent based his table
on the consumption of five pounds of coal per horse-
power, so as to have it ample during bad weather.

Mr. George H. Babcock’s rule of thumb was: “The
area of chimney should be 14 the area of grate. It should
never be less than 1-10.”

In a high chimney, the velocity being greater, the
area can be smaller than with a low chimney. There is
an idea that the chimney should have an area equal to that
of all the tubes. This would make the chimney too large.
If we have a boiler with 70 tubes 4 inches in diameter we
have an area of 500 square inches and a friction surface of
375 inches. A stack 28 inches in diameter would carry
that all right, and this would have a friction of only go
inches. Besides we have seen that a boiler flue is never
full of gas at the full velocity ef chimney. The flues
between the beiler and the chimney should be slightly
larger than the chimney, as, like the boiler flues, they are
generally herizental and have bends.

Of late years many owners of steam plants have put
in induced draft.

One of the drawbacks to chimney draft is that, when
strong, it draws air through all cracks and interstices, as
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‘Induccd and Forced Draft.

well as through the brickwork itself, thus diluting the
gases and cooling them.

Induced draft has the same drawback. The induced-
draft apparatus is made up of steel plates, which must be
acted on the same as a steel stack. It is, or a portion of it
at least, subject to repairs and breakdowns and a contin-
uous expense for fuel. The products of combustion are
discharged into the air that is breathed by the operatives
and nearby residents.

If high chimneys are not desired, would it not be
better to build a chimney, say, 100 feet high, and put in
the air by fan under the grate? It would not draw air
through boiler setting to cool off the boiler, and the sur-
rounding air would be purer. The apparatus would be
more durable and could be smaller, as the volume of cold
air is not so great as the hot air.

Objections have been made to the steam jet for aiding
or increasing combustion, on account of the large amount
of steam used.

One engineer tried to learn the amount of steam
used with steam jets, and the result of his investigation
was that the steam jet, as he used it, required 8 per cent.
of the fuel burned to operate it. He then took the differ-
ence between the amount of fuel used when running with
natural draft and with the steam jet, and found the net
result was that the jet took 2 per cent. more coal.

Whatever system of draft is used there should be a
draft regulator. There are damper regulators made now
that are very powerful and will regulate the steam pres-
sure within 2 pounds.

For burning small anthracite and use a steam jet to
help out. Put a valve in the steam pipe that leads to the
jets and arrange the damper regulator so that when steam
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Dampers.

rises it will close this valve first and then the damper in
the flue. Of course, when steam lowers, the damper
opens first and then the jets.
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The Engine Room.

vwyy

When James Watt took hold of the steam engine it
consisted of a cylinder in which steam was admitted un-
der the piston and raised it to the top of the stroke when
cold water was admitted and the vacuum, or rather, the
pressure of air on top of the piston forced it down, thus
doing mechanical work.

Watt built a separate condenser and used steam on both
sides of the piston. He also invented and used the indi-
cator. His researches led him to foretell the advantage
of using steam expansively and of compounding the
same, but he did not live to see it carried out.

Later mathematicians took hold of the matter, and, by
figures, showed the saving by expanding steam.

A professor in Providence was looking over these
figures, and, becoming interested, took them to a young
man who had shown inventive ability while working at
the harness maker’s trade by inventing the sewing ma-
chine for stitching leather. This young man was George
H. Corliss. Elias Howe afterwards invented the placing
of the eye at the point of the needle, thus making the
sewing machine practical for all purposes.

Young Corliss set about making an expansion engine,
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What Corliss Did.

the point of cutting off to be determined by the action of
the governor so that full bolier pressure should be main-
tained in the cylinder until expansion commenced.

Expansion of steam had been tried with poppet valves
and a fixed cut-off, but had not met with much success.
The poppet valve did not appeal to Mr. Corliss, neither
did the slide valve with its long ports and large clear-
ance, so he set to work to make something entirely new.
His success was so remarkable as to place him as the
foremost engineer of his age, with the probability that
centuries will go by before his name will be forgotten.

He accomplished four things. He did away with
crooked steam passages, placing a valve close to each end
of the cylinder, with short, straight ports, thus reducing
the clearance to a minimum. He made a valve that while
light, was rigid and would keep its shape; that was
quickly and inexpensively made, requiring no scraping or
grinding, and that would remain tight as long as the slide
valve. By the use of the wrist-plate he quickened the
motion of the valves at the right time, thus improving on
the motion of the eccentric. By the use of his disengag-
ing motion he brought expansion to perfection.

He had the lot of most inventors, and was obliged to
force his invention on an unwilling public. He had to
take all the responsibility, and in many instances take
his pay in what he could save in fuel. This in the end
proved fortunate for him, as in most cases he received
far in excess of the price he had put on the machine.

At the time Mr. Corliss was selling his automatic cut-
off engines for what he could save, the United States
Government was spending money in experiments to show
there was no economy in using steam expansively.

With Mr. Corliss as draftsman, was a man by name of
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Wright and Corliss.

William Wright. Wright always claimed that he was the
original designer of the Corliss valve. When a man cre-
ates a great thing he is apt to imitate it later. Mr. Wright
never afterwards built anything that remotely resembled
the Corliss valve. He invented a cam motion—a cam
moving around a central cam, its position being deter-
mined by the governor. This cam operated poppet steam
valves and made an automatic cut-off engine. The ex-
haust was two slide valves, each valve being placed at
the cylinder ends so as to reduce clearance, and as far as
possible get the results obtained by Mr. Corliss.

These engines were built for a number of years by
Woodruff & Beach, at Hartford, Conn. Mr. Wright
made a change in his cam and governor and went into
business for himself. After a time he became convinced
that the poppet was not a tight valve and built his
engines with gridiron valves.

When Mr. Corliss’ patents expired, a great many
builders started in to build “improved” Corliss engines,
and some of them have made rather sad work of it.

In Mr. Corliss’ day, piston and rotative speeds were
slow, and he did not live to see the enormous amount of
work that the steam engine was to do in the generation
of electricity, calling for higher pressures, faster speed
and large units. In all this work there has been a chance
for inventive and constructive talent to meet the entirely
new conditions.

When electricity first came into use the Corliss engine
was thought entirely too slow. High-speed engines had
become partially developed and the new field developed
them rapidly, and it was for a time given entirely over to

- them.

The electric light company at Waterbury, Conn., went
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Piston Valves.

to the Corliss Company and asked them to build a cross-
compound engine having a stroke of 4 feet and to run at
the rate of 8o revolutions per minute. This, at the time,
was considered terrific speed, but the engine company
undertook the work, which turned out highly satisfac-
tory. Others worked in the same direction, and results
showed that for hard work and for economy and long
life, the Corliss engine built for the new conditions was
still the favorite,

A favorite valve for a long time for the piston valve.
This is a straight valve moving in a case. Fig. 13 is a
typical piston valve. As the steam passes by the ends
and through the center, there is no pressure on the valve
seat, and there is only the sliding friction due to its
weight and that due to the tightness of the valve in its
case. In some cases this valve is put in without any pack-
ing rings of any kind, and being frictionless nearly, will
be fairly tight for some months if neatly fitted. To use
spring rings it is necessary to put bars across the port
to prevent the rings expanding into the ports and getting
caught. Another method is to make a shell for the out-
side of the valve and expand it with set-screws. This
makes as rigid a valve as one entirely solid, and has the
single advantage of being adjustable by hand instead of
getting a new valve. One builder for a time made a valve
that could be adjusted from the outside when the engine
was running, and he had the wrecks incident to such a
device.

The piston valves are made to operate at the ends of
the cylinder, thus imitating the Corliss in the attempt to
get short ports. Of necessity, their ports are longer than
the Corliss, because of the shape of the valve, and also
the port must go clear around the valve.
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Advantages and Objections.

The advantage of the piston valve is that its construc-
tion is lathe work and can be quickly and cheaply made;
it is nearly frictionless, can be operated at a high rate of
speed and requires very little oil; all its mechanism can
be light and easily handled by the governor. The objec-
tions to it are the considerable clearance, the rather tortu-
ous steam passages and the extreme probability of its
leaking in a short time.

Fig. 43. Double Ported Piston Valve for Valve Engine.

For high rotative speeds the single valve can be made
to give as good cards, except the compression, as a four
valve with two eccentrics, with the same speed. The
four-valve engine, however, will be the more economical
under changes of load, because the exhaust valve closure
is not disturbed by the governor and does not produce the
excessive compression.

The shorter the stroke, the greater the percentage of
clearance. This is again increased by the number of times
the clearance spaces are filled and emptied per minute.
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Abouc Engine Design.

When looking up a medium-speed engine (there are
no slow speeds now) sufficient valve area, small clear-
ance, sufficient area for bearings and pins, and one that
is easy of access to all parts for repairs, are the points
that should be looked after. This also applies to engines
of all classes.

In former years engines were designed by practical
engineers who had experience with them or who watched
the operation of them after they were installed. They
were also assembled in the shop by hand or hand tools,
and all the mechanics had a taste of putting them together
under conditions similar to those of the engineer in the
engine-room, and they were made easy to get at, get apart
and get together again.

Of late years, altogether too many have been designed
by draftsmen who had no knowledge of the practical
handling of them after they had once left the shop, with
the result that there are some fearful monstrosities. They
are also put together with a traveling crane, and many
nice points are not noticed by mechanics there. It is
true that engines must be heavier than formerly, but there
is no excuse for putting a stuffing box in in such a man-
ner that the engineer can just reach it at arm’s length
through a hot hole that keeps his head and body out.

Some builders put a sheet-steel case over the cylinder,
and this case is fitted in such a manner that to put it on
or remove it the whole valve motion must be taken off.

One type of engine designed to be direct connected to
electric generators has its main bearing so constructed
that the armature must be blocked up, fields removed and
shaft disconnected to get to the adjustment of the bear-
ing. The builder says he does this to prevent monkeying
with it; that it is too often the case that where things
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Horizont?! vs., Vertical.

are handy to get at they are adjusted out of shape and

use in a short time; that these journals will run two or
three years without giving trouble if let alone, and that

if they will do that, one can afford to be put to a little
extra trouble when adjustments are so seldom required.

When purchasing large cross-compound engines the
difficulty of lubricating the low-pressure cylinder and the
large number of cylinders of this class that have caused
endless delays and expense, should be borne in mind.

Another thing is the room they occupy. Said a manu-
facturer to me: “We have been in the habit of put-
ting in Corliss engines, cross-compound, owing to their
durability, small need for repairs, reliability and econ-
omy, but they take up too much room. In our business
they have to be close to the mill machinery, they are right
in the way of our work and reduce the production the
mill ought to turn out, so that we have gone to putting
in high-speed engines. These engines will have less life,
will consume more coal, but our production is increased
so much by the extra space that the extra space is worth
many times the extra cost of fuel, etc., and we can well
afford to put them in, let them wear out and then put in
more,”

In these cases the vertical engine is the solution. The
wear on the cylinders is slight, there is a big saving in
cylinder oil and the floor space is small. '

There is one drawback—the weight is taken from the
bottom of the cylinder and put on the crank pin, and also
the engine is unbalanced, as the weight of the moving
parts is all downward with the full area of the piston to
push them down, and only the area of piston less the area
of piston rod to pull them up; also, the jerk that the
engine gets at the bottom of the stroke when it takes
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Fig. 44. Cylinder Designed to Balance Moving Parts on Vertical Engine.
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Balancing Vertical Engines.

steam at the bottom makes a noisy engine, and on boats
gives disagreeable jerks.

It is not possible to balance one of these engines by
counterweights in the crank, as when the engine is on
the bottom center the counterweight is in equilibrium.
Some engineers argue that one side will balance the other
through the shaft, but if they will stand by the shaft on
a boat with the three-cylinder engines they will see that
this is not true.

Builders of engines with two-cylinders and cranks set
at 180 degrees argue that in their case one side balances
the other through the shaft when they have good counter-
weights, but to balance such an engine with counter-
weights would nécessitate the putting in of a counter-
weight in the low-pressure crank to make up the differ-
ence between the high and low pressure moving parts,
and putting none in the high-pressure crank, surely not
a very mechanical device.

Should the attempt be made to put sufficient counter-
weight in the crank to balance the moving parts, it will
be found that there is not sufficient room for the neces-
sary weight. It is necessary to keep the pins and main
journal keyed up snug to prevent jar and pound on the .
bottom, and this means an excessive amount of oil and
excessive wear. Even with this, it is cheaper to put in
new pins and brasses than new pistons and rebore large
cylinders on horizontal engines. Builders of vertical
engines will guarantee better economy for them than for
the horizontal type.

The writer designed and patented a cylinder to put
on top of the steam cylinder of a vertical engine, as shown
in Fig. 44. This device is simply a cylinder open at the
bottom and with a small relief valve on top to relieve any
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Pounds and their causes.

air that may leak in. The weight of all the moving
parts is ascertained, as well as the difference between the
area of the piston at the bottom and top, and the area of
the balancing piston is made to sustain this weight with
a pressure of 12 pounds per square inch. Vacuum is
formed at the top after the piston has traveled a short
distance, and, as the bottom is open to the atmosphere,
the whole moving parts are suspended on air and the
resistance of the air going down carries the parts back
to nearly the end of the stroke, when they are let down
easily on the pin going over the top center. As they are
supported at the bottom center by the small piston, the
jar is removed and the parts can be run looser, with the
result of less wear. This arrangement should remove
the disagreeable jar on steamers caused by the engines
going around the bottom center,

Pounding from various causes.

An engine that is not in line will not run quietly.
Sometimes the engine wears out of line or the shaft gets
" out of level for want of proper adjustment at the right
time ; it perhaps has been “tinkered” with and gotten out
from that cause ; some portions may have worn faster than
others; the foundation may have not settled uniformly or
some parts have been too weak and sprung out of shape.

There are altogether too many cases where the
engine was not put in proper alinement when built, or
pins were not put in straight.

A self-contained engine had been run for a number
of years; one of the wheels had become loose; the cross-
head and boxes on both ends of the rod were worn and
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Weak Crossheads.

the builders were directed to send new parts and an
attempt would be made to get the wheel tight at the side
of the engine. To this plan the builders objected, stating
that they must have the engine returned to the shop to
do a good job. This would -necessitate shutting down
a large plant, but a breakdown gave them the oppor-
tunity. :

The shaft, rod and crosshead were sent, but were
delayed in returning, so that it was necessary to get it
together and start up as quickly as possible. When the
engine was started it pounded badly, but as the work

o0 [

Fig. 45. Weak points in Crossheads.
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required this engine to run continuously it meant con-
siderable loss to stop and locate the trouble. Another
engine was therefore purchased, so as to have a duplicate
engine.

Before this arrived the piston rod let go. New studs
for the cylinder head and a new rod were made and
hustled in in a few hours, and the engine continued at
work. As all the hands were busy with this work, there
could be no chance to hunt up the trouble.

Before the spare engine was ready the crosshead
let go at points shown by arrows in Fig. 45. This cross-
head was cored out, as shown by dotted lines, and was
rather weak at the square corners.
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Frames out of Line.

The spare engine was gotten together and put into
service. A new crosshead was procured by a nearby
foundry, and when it was put in the precaution was
taken to key the rod up snugly on the crank-pin and drop
the other end down on to the crosshead pin. It fitted
squarely. The rod was then disconnected from the
crank-pin, and keyed up on to the crosshead, and then
dropped down onto the crank-pin, and that came square.
The engine was then started up, and it ran perfectly quiet.

1

[ |

olo

7 L

Fig. 46. Frame out of line,

The old crosshead was so badly broken that just
‘what the trouble was could not be determined, but the
probability is that the pin was put in something as shown
in Fig. 45, though not so crooked.

Had the trial of the connecting rod been made with
the first pin in the same manner that it was with the
second, the trouble would have been discovered at the
outset. When setting up engines it is a good plan to
try the connecting rod, as described.

Another error that has been found many times is
shown in Fig. 46. A line put through the engine will show
that the cylinder is not in line with the guides and will
have to be thrown around by putting in shims at either
Oor E.
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Twisted Guides.

A not infrequent defect is shown in Fig. 47, and can
be detected by placing a plumb, as shown. This is par- .
ticularly bad with V-guides. In one factory I have in
mind there are four engines from the same builder with
V-guides that stand in this manner. Fortunatcly, the

Fig. 47. Guides out of live vertically.

engines run forward and do not make as much trouble
as the running backward.

The only remedy is to trim down the shoes at A
and A’ until the crossheads stand plumb.

There is no excuse for a V-guide. There have been
cases where the foundation under a cylinder has settled
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Crank Pin not Central.

more under one side than the other and twisted the
guides.

Pounding from this cause is a compound noise, and
while it takes place on the center the pound will be at

L
I

Flg. 48. Crank Pin not Central.

the crosshead and crank-pin both, but not exactly the
same time,

Another trouble that sometimes occurs is that the
center line through the engine does not come through
center of pin, as shown in Fig. 48, where the center of
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Cranks out of Square.

pin is the line A, while the line through engine is at B.
The remedy for this is to trim down one side of the
brasses and add on to the other side, as shown in Fig. 48.
When they have to be cut off on the side toward the
crank and the rod is round, care must be taken that the

]
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Fig. 49. é - Fig. so.

Fig. 49. Crank disk out by plumb.
Fig. s50. Crank pin put in crooked.

large part of the rod does not get too close to the crank
disk when the crank-pin is at the forward center. If the
crosshead is one-sided, the same course may be pursued.

To determine if the shaft is level, suspend a plumb
line, as in Fig. 49. If it is out, as shown, the pound will
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Pistons too Small.

not be on the center, but when the crank-pin is nearly half
way between. The only remedy is to make the shaft
level and with a pin put in crooked, as in Fig. 50, a new
pin put in straight will be necessary.

Should a piston be too small, as shown in Fig. 51,
and a larger force of the steam strike it on one side, the
piston will be forced to the other side and there will be

Fig st. Piston too Small

a severe pound. When the cylinder head is taken off,
nothing out of the way can be seen. The remedy is a
piston with a broader bearing at the bottom.

A cylinder having shoulders will pound. A Corliss
or similar valve having end play may pound if the steam
impinges just right to force it endwise. The valve will
wear smoother if it has end play, and unless the pound
is too great it will be better to leave it. It can be eased
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Loose Glands or Packing.

somewhat or stopped entirely by putting a little plate
and spring at the end and put in a bolt through the valve
bonnet to adjust the tension of the spring.

Pounding is sometimes caused by side play in rod
brasses, but the engine must be out of line somewhere
to make this serious.

A loose gland or loose metallic packing in the
stuffing-box will make a disagreeable pound. A loose
piston rod, either in the crosshead or the piston, will
pound,
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Fig. 52. Lining up from piston rod.

Sometimes, if brasses get loose so as to turn in the
straps or stub ends, they will cause a pound. If an
engine is working very light and the internal surface of
the cylinder is exposed chiefly to low pressure and to the
condenser, a large amount of steam will be condensed
when the valve opens and will cause a snapping in the cyl-
inder like entrained water. This is sometimes mistaken
for pounding, but it is really water. It will wash off the
cylinder oil from the wearing surfaces, which might
cause cutting, but other than this does no real harm.
~ When the piston rod runs straight, a line can be
strung, as shown in Fig. 52. Put the engine as near the
outer center as will allow measurements to be made from
both sides of the disk above the rod. Put a stick tightly
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Locomotive Pounds.

back of the gland and draw a line X parallel with the
piston rod, measuring from B B’. Then take the distance
from the disk at C C'.

Should there be a crank instead of a disk, both in
this case and in Fig. 48, measure from the end of the pin
on one center, turn the engine to the opposite center, and
make the same measurements in this pesition. An engine
in perfect alinement with the bearings well fitted and
keyed fairly snug will run smoothly with very little com-
pression. All that will be necessary is to have the
exhaust valves close quickly enough to have sufficient lap
to make them tight on the admission of steam.

A locomotive engineer discovered a pound on one
side, and located it in the cresshead. He took out the
piston rod, put a thickness of letter-paper around the
taper, put the rod back and drew it up with the key, and
the trouble was over.

When paper can be drawn down tight and held rigid
it makes an excellent packing for this purpose, or for any
place that needs filling up, even top of a foundation for
supporting an engine,

On a stationary engine a pound at the crosshead was
found to be the jam nut had become loosened. @~ When
these nuts get loose they give warning by pounding.
When the rod gets loese on a key it will do the same
thing. Also when a piston gets loose there will be a
pound in the cylinder. If it is simply forced on the rod
and riveted over it will rarely give warning when loose,
but comes off at once.

A pound was located at the crosshead of an engine
and the men in charge were unable to find it, as the jam
nut and everything about the crosshead was snug and
tight. A consulting engineer was sent for, who un-
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Set screws don’t hold fly-wheels.

screwed the jam nut and the rod was found broken off
in the center of the nut. .

An engineer was sent for, with the information that
on one of the engines the crank pin was heating and
pounding. This was caused by the pin being loose in
the crank.

Should a crank or wheel become loose on the shaft
they will give notice by a creaking noise, sometime be-
fore there is any danger. There will also be a slight
exudition of oil having a rusty appearance.

A certain engine had a shaft 14” diameter on which
-was a wheel 20 feet diameter, having a heavy rim.

This wheel had been creaking at the hub for some
time. The engineer finally decided it was getting seri-
ous. After a talk with some of his engineering friends
he submitted the following plan to the management:
Have a new shaft and crank made. Borrow some small
engines and set them up to do the lighter work and get
a sufficient amount of the heavier work ahead, and thus
keep up the product. Then take the wheel and shaft out,
bore the hub to fit the new shaft and put it in service.

It was estimated that the loss from stoppage of this
engine was $1,000 per day.

Now, in these works there was a machinist who
was styled M—. M——, who was a good talker and who
had succeeded in getting the management to think there
was nothing in mechanics he was not master of. He
reported there was no danger with the wheel, but should
anything happen he could tighten it without any such
expense.

A few weeks after this the engineer left for other
fields, and shortly afterwards the wheel slid along the
shaft until it brought up against the foundation. This
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Where they failed.

meant a shutdown. After a day’s delay ($1,000) the
machinist shoved the wheel back to place, and the engine
started and ran a few days, when it was again over
against the foundation.

The wheel was again shoved back to place, two
steel set screws were put in in a slanting direction, as

Fig. §3. Set screws that did’nt hold the fly-wheei.

shown in Fig. 53, extending through into the shaft. After
a few days’ delay (more $1,000) the engine was again
started, and ran a few months, when, as was to be ex-
pected, the set screws broke off level with the shaft, and
the wheel was again against the foundation. A new
shaft was then procured, and the wheel put on in proper
shape. This required a shutdown of a month.
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Pressing crank pins.

A heavy-rimmed wheel on an engine cannot be held
with set screws, but must hug the shaft tightly.

This engine had a crank pin 7” diameter, and three
of them had become loose.

A new pin was made, .01 inch larger than the hole,
estimated to require 100,000 pounds pressure to force it
in place.

When about half way in, taking about 90,000 pounds
pressure, one of the straps broke, and by the time another
was made and in place it required 150,000 pounds and
some persuasion with a hammer. This pin did not come
loose. This was at the time when the engineer was look-
ing up the best way to take care of the wheel. At the
time there was a mechanic on the premises superintending
the erection of machinery built by a large machinery firm
and the subject of forced fits came up.

This mechanic was not in favor of building machinery
so as to require high pressures to force them on. When
asked what he would do if they got loose, he said he would
bush them. Asked if his people had ever done that, he
replied, “Yes, lots of them.” Further discussion seemed
useless.

Lining up an Engine.

The writer had the annoying experiences which most
engineers encounter with pounding, hot journals, water,
etc. He learned that the most fruitful cause of pounding
is want of alinement. Keying up an engine out of line
makes the trouble worse in many cases.

The old V-guide that holds a cross-liead and con-
necting rod rigid in a straight line when the rest of the
engine is in such shape that it wants to turn a little is
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Lining up Engines.

Figs. 54-55. Two ways of holding a center line.

one of the annoyances. If the bottom of one of the main
journals wears faster than the other the V-guide makes
a fuss about it, whereas a round guide would go all right.

In one case where the foundation under the cylinder
had settled slightly, so that it threw the guides slightly
out of line the struggle between cross-head and crank as
to which should be master was noisy. As usual at such
times, the shop was too busy to shut down and put in a
new foundation without warning, so it was ascertained

Y

Figs. §6-57. Two views of stake.
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Holding the line.

how much was necessary to turn the cross-head so that it
stood straight, planed one side of the cross-head at the
top and the other at the bottom put in liners alongside
the shoes, and the conflict was over. Bored guides would
have saved that work.

To ascertain if the engine is in line, take out all the
reciprocating parts and put a line through the cylinder
reaching to front of the crank. This line should be a fine,
braided line, of silk. It can be fastened and centered in
the back end of the cylinder with a stick bolted with one

Fig. §8. For holding the line.

bolt, as in Fig. 54, or can reach across and be fastened with
two, as in Fig. 55. In front of the crank set a stake that
can be adjusted sideways, as shown in front and side views
in Figs. 56 and 57. Put the line as near central of the
cylinder as possible and draw it tight so that there shall
be no sag. Commence at the back end of the cylinder and
center the line.

A better way for holding the end of the line is to notch
a piece of iron, as shown in Fig. 58, and put screws
into the board through the notches. The iron strip can
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Shimming the frame.

then be fastened just tight enough to hold it in place
and raised or lowered to suit the work. Let the cord lay
across the iron strip and suspend a weight on it sufficient-
ly heavy to hold the cord tight. »

The best thing to use for caliper is a pine stick nearly
sharp at one end and a pin in the other that can be
drawn out or pushed in for adjustment. Have
one for the end of the cylinder and one for the
stuffing-box. After the line is central at the cylinder end,
try it through the stuffing-box, moving the line at its
support at the stake in front of the crank. When central
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Fig. 59. Lining frame with shims.

here, try the back end of the cylinder.and so alternate
until the line is central at both points. It is then in line
with the cylinder and all other parts should be in line
with it. Try the guides. One builder had most of the
engines that he built and erected crooked at the point 4,
Fig. 59, and shims were required to throw the cylinder
around into line with the guides. _

Bring the crank-pin down to the line, or if the crank
is down, which is the better position, bring it up to the
line and see if the line is central to the pin. Turn the
crank around to the other center. If the line is central
at both points, it is all right; if the line comes one side of
the center on one side and on the other side on the other,
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A quick alignment test.

the outside journal wants swinging around, if a single
engine; if double, one of the cylinders may have to be
moved. If the line comes to the same side of the center
of the pin when the crank is in both positions, then the
shaft journals are not set right.

The cheapest and quickest way to overcome this is
to take off the required amount of metal from one side of

&

Fig. 60. Leveling shaft by plumb line,

the crank-pin boxes and sweat, or solder an equal amount
on the other side.

A temporary alinement can be made without taking
the engine apart by putting the engine on the back center
and putting a line alongside the engine parallel with the
piston rod and then measuring off to the crank-pin or to
points on the disk from that line.

129



Where the belt man was wrong.

To find if the shaft is level, drop a plumb line outside
of the crank-pin when it is up, as in Fig. 60, and then turn
the engine over until the pin is down. This can be done
with steam and without disconnecting anything. Some
do it by dropping a line down the side of the wheel.

A foundation for an engine, shafting, etc., was made
and the engine was put in place. The shaft man came
along and set up the shafting by marks that were given
him. The man who was to put on the belt went to line
up the pulley on the shaft, and it was out. He sent for
the engineer and told him that to get the engine in line
with the shaft the back end of the engine would have to
be swung around 114 inches. As the foundation bolts
were cemented in, this meant the cutting out of the holes
in cylinder feet and a bad job. A transit was procured
and the whole job gone over, proving that everything was
in line and the work put up correctly. The belt man was
asked how he arrived at the conclusion that the engine
was out of line with the shaft and he put a line alongside
the pulley on the engine and another alongside the pulley
on the driven shaft, which showed that one of them was
badly out. He was asked to turn the line shaft half way
around and when this was done the work was out in the
opposite direction.

A pulley may be turned up true, but it is not always
put on the shaft true—in fact, seldom is—so that when
anything is attempted by line by using the side of a pulley,
it should be demonstrated first that the pulley runs abso-
lutely true.

Sometimes a pillow block is not set absolutely level
like Fig. 61, and there will be heating on one end, and
after a time this bearing will be out of shape, so that the
only remedy is re-boring.
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About pedestal bearings.

It has been the custom to make crank bearings like
Fig. 62, with the base of the bottom shell narrower than
the -side shells, so that when the cap was screwed down
hard the bottom shell was spread out, causing the bearing
to heat. The base of the bottom shell should be as wide
as the sides.

Eccentrics are usually held in place by set-screws
through the hub of the eccentric and against the shaft.
This forces one side of the hub away from the shaft, and
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Fig. 61, Shaft out of line, Fig, 62. Poor bottom shell,

light eccentrics are distorted, causing heating. One
builder has recognized this evil and his practice is to
drill into-the shaft and draw the eccentric to the shaft,
thus keeping it in true form. There is a slot in the hub
at the bolt hole for adjusting the eccentric.

The question of the wear of rings and cylinders of
modern engines is an interesting one.

An engineer was interested in having four large
engines built and there was a verbal agreement that the
last cut should be with a $g-inch feed and the cylinder
left rough. When the engines came the cylinders were
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Cylinder Oils.

smooth. He went to the agent and then to the superin-
tendent to know why they were bored smooth. He didn’t
know and wanted to know “What there was about boring
cylinders anyhow.” The engineer told him he had started
a great many engines and never knew of a cut cylinder.
Cutting a new cylinder did not seem to be possible.
Since he went into the electric business there was all
kinds of trouble with cut cylinders—even one of the super-
intendent’s engines, only a 22-inch cylinder, had been cut
while in charge of his own man. He went to investi-
gating and found that with coarse cuts and the cylinders
full of little ridges, any clinging, should it start, would
only take off the top of the ridge. It took a year to
wear a cylinder smooth, but it was tight all the time, and
when it did get its surface it was a natural one and there
was no trouble. When electricity came into the field it
brought a new class of men who thought they should be
bored smooth. The trouble with this is that if there was
a disposition to cling, a little shaving would start and go
the whole length of the cylinder.

Cylinder oils have many times been blamed unjustly
for cut cylinders. One builder had a low pressure cylin-
der cut and there seemed no way to prevent it. He took
off the cylinder head of the low pressure cylinder, run-
ning with one end and the high pressure side, and had
an oil syringe so that oil could be injected to any part of
the cylinder. OQil was applied liberally but there were
spots all over the cylinder that would get red hot and
it was not possible to prevent it with oil. There were
two packing rings and he had an idea that possibly these
packing rings brushed the oil away. He took out one ring
and rounding the edges of the other and the engine went
off without any more trouble.
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Cylinder Bushings.

One large engine with the cylinder bushed had the
bushing cut and another was put in only to go the same
way. A third was made. On boring it the iron was
found to be soft, but was put in to run until they could
get a hard one. When the hard one was ready it was
found that the soft one was wearing all right and the
trouble there was over.

Babbitt liberally applied to both junk and packing
rings has been used in some cases with good results.
One builder told of a place where he had trouble and
put in babbitt which cured the trouble, and he thought
he had a remedy for all such cases. Other engines he
put it into were badly cut. Rings of ordinary copper
were then tried, and they started off beautifully, but in
the next case they proved no better than iron rings. This
builder has given up being sure.

Exhaust Pipes for Vertical Engines. '

Vertical engines have come into use for various rea-
sons and will be used more when their utility is more
generally understood.

The large low-pressure cylinders on compound hori-
zontal engines require an excessive amount of com-
pounded cylinder oil, and even then there is much trouble
with many,

Where water is bad, or scarce, or dear, and surface
condensers are used, it is very difficult to separate the
compounded oil.

Where space is limited the vertical is the only
solution,

There are some verticals sold whose builders have
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Exhaust passages.
not had practical experience, and as a result the engines

give a great deal of trouble. An example of this is shown
in Fig. 63. This shows the principle on which the exhaust
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Figs, 63-65-66. Exhaust outlets,
Fig, 64. Low pressure piston,

side of this engine is built. On the opposite side are the
steam valves, also piston valves.

This engine has a large clearance, but the chief defect
is in the exhaust outlet.

It will be noticed that this is in the center. All the
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Water in Cylinders.

condensed water from the top is thrown to the bottom.
When the bottom valve opens, the water from both top
and bottom must pass upward and turn the right angle
with the steam to get out. This it will do if the engine
is loaded and the exhaust passages are filled with steam.
When the engine has a light load the water falls back,
enters the bottom of the cylinder and makes all kind of
trouble. This engine has pistons with conical faces, and
the bottom head is a beautiful water-pocket. It is a
delight for the engineer to take care of the rod packing
and scoop up the water that is thrown in all directions.
The maker of metallic packing for this engine has little
peace in life. The valves being of the piston type, there
is no escape for the water except such as has gone down
the rods, and there are cracked pistons, and broken jour-
nal cap bolts, these apparently being the weaker part of
the engine.

A section of the low-pressure piston is shown in
Fig. 63. The piston is a single casting with a rebate joint
for junk ring, and the follower is a ring of metal held
in position with tap bolts. The distress in this cylinder
from water showed itself in the loosening and breaking
of these tap bolts.

This engine drives a railway generator. The cars
are of the 60-seat type, and run at regular railroad speed,
The schedule is such that for about one-half hour the
cars are at the terminal stations or on down grades. At
such times the pistons pounding on the water at the bot-
tom of the cylinders is a delight to mechanical ears.
‘When the cars strike the up grades, which a portion of
them do nearly simultaneously, and the engine is loaded,
the water will be driven out and quiet reigns until a short
time after the light load comes on.
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Breaks from Watt;,r.

Most of the trouble could be obviated by making the
exhaust passage like that shown by the dotted lines., The
pockets caused by the conical pistons and at bottoms of
valves would give trouble, however, in keeping the rods
tight. '

An engine was wrecked by the breaking of the cross-
head end of the connecting rod. This end was made of
ordinary yellow brass screwed on to the end of rod.

The throttle had been closed by an automatic device,
and the engineer had unhooked the wrist-plate to stop the
engine by hand in the usual manner, when this casting
gave way. The question then arose as to the cause of the
casting breaking at just that time,

Examination of the break showed that there were two
small places where cinder had got in the mixture when
poured and there was also evidence of crystallization, The
engine was a vertical Corliss type, shown in Fig. 65. The
exhaust was the old-fashioned kind, with the exhaust
chamber surrounding a portion of the outside of the cylin-
der. This type is bad enough when horizontal, but when
set up on end it is barbarous.

We have here the same feature in a modified form,
as mentioned in the piston valve engine, with two excep-
tions in its favor. It has a flat head, and there is a
chance to keep the rod tight. It has Corliss steam valves,
and there is a chance for a partial escape of water into the
steam pipe.

When the engine runs light, there will be some shock
when it strikes the water that in time will cause the weak-
est part to give way.

This type of engine, either vertical or horizontal,
should have the exhaust chamber arranged as shown in
Fig. 66, the valves in circular form with port through the
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Piston Rods And Follower Bolts.

center and seat on what m this engine is the back of the
valve. This brings the steam pressure top of the valve
to hold it on its seat, thns doing away with springs, as
well as redncing clearance. \'ertical engines should have
the outlet at bottom as shown, horizontal in center.
Water, in these cases, does not flood the cylinder or cause
immediate wreck, but it will caunse distress on weak parts
for future trouble. Engines working with full and con-
tinuous load will generally clear themselves of water. It
is the irregularly loaded ones that give cause for appre-
hension.

It may be noticed that in both these cases the valves
are shown reversed from the position they would be in
when in operation. This is to show the easy path for the
water to flow back into the cylinder when the light
exhaust has left it and the cylinder is empty.

These are cases where the designer “didn’t think.”

Piston Rods and Follower Bolts.

An engineer was told one morning that the back cylin-
der head of one of the engines had gone through the
engine-room door and was lying out in the yard.

The rod was what is known as a screwed rod and had
broken just outside the jam nut; the piston had taken out
head, doors and all. The end of the cylinder was cracked
some, but it looked as though it could be strapped if a new,
rod and piston could be had. The front head was all right,
The engineer took the jam nut for size of thread and oth-
er necessary dimensions and started for the builders, feel-
ing that a screwed rod was not just the thing., At a place
where he changed cars the train he was to take was half
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Key or Screw—Which?

an hour late and when it arrived the locomotive had been
through his experience.

A piston rod had broken in the key slot in cross-head.
Here was a keyed rod broken; at the shop he saw an
engine cylinder wrecked by a break in the key. Here
were two keyed rods broken to one screwed. Which plan
was the safer?

After he arrived at the shop he received a telephone
from home that as the cylinder cooled off the cracks
extended and new ones showed up; that there was no
hope of saving it, and the only thing to do was to get a
new cylinder, which was done.

There was this difference between the stationary engine
and the locomotive: The bolts holding the head of the
stationary engine were made too large, and when the
strain came and something had to go, the expensive cyl-
inder took the punishment. On the locomotive the work-
ing strain on the bolts had been carefully calculated ; they
were made strong enough for that and no more, and when
the shock came the bolts let go, the cylinder was unin-
jured as well as the head and piston. All that was neces-
sary was a new rod and a new set of small bolts.

If stationary engine builders would take lessons from
locomotive builders in this respect, there would be less
disastrous wrecks when there is trouble with the back
head.

There is one other trouble that has caused a great
many bills of expense, and that is: follower bolts on the -
piston. With good, tough iron bolts nicely fitted there
should be no trouble. Many bolts are not properly fitted
and they get loose and come out, and but few engines
have clearance enough for them. A follower bolt should
be fitted so as to require some pressure of the wrench all
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Corliss’ Way of Doing It.

the way. It should not stick when part way in. It should
be set up snug, but not enough pressure should be put
upon it to strain it in any way. A great many follower
bolts are strained beyond their elastic limit and they
break when at work. Either of these evils is the result
of carelessness or incompetency. According to the obser-
vation of Mr. Corliss, the most prolific cause of wrecked
engines was broken follower bolts, and these broken bolts
were caused by screwing them up too hard. It was a rare
thing if they got loose. To avoid the possibility of get-
ting too much strain on them, during the latter part of

I

Fig, 67. Corliss follower bolt. Fig. 68. Tapered plug for screwlng in
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nis life he had them made like Fig. 67, the bolt large, with
fine thread and a tapered socket in the end. This was set
up with a tapered plug, Fig. 68, so that when a certain
strain was put on the plug it would come out. This
worked well for a time, but with some engineers who
did not adjust their pistons often the bolts would stick
and the tapered plug would not hold, so engineers had
to invent something to start the bolts, and the same device
that would start them when stuck would also set them up
too tight. However, these bolts were so large there was
little trouble from breaking.
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Prof. Sweet’s Plan.

During later years, when the practice has been to make
parts interchangeable, some builders have bought ma-
chine bolts of steel, and in most cases of this kind the
bolts are loose fitting, especially so after they have been
in use and have been removed a few times. An old bolt,
or a new one put into an old hole, makes a bad job, and
generally they are too small. If builders of stationary
engines would make the follower bolts on pistons larger
and pay more attention to the fitting, and make the back
cylinder head bolts smaller, there would be less expense
for their customers from breakdowns.

Fig. 69. Sweets’ flower bolt. Fig. 70. A slow-acting (?) junk ring.

Prof. John E. Sweet writes:

“We overcome the difficulty perfectly by doing away
with that sore of bolt. The drawing shows what we use
and the success comes from riveting in the stud and turn-
ing down the body to the bottom of the thread. The stud
will stretch one-half inch before it will break, and before
that takes place the end of the nut will be shoved off, and
the man with the long-handled wrench will have a
warning. _

The elasticity of the long body is so much that it is
like putting a spring washer under the nut, and they don’t
work loose. The nuts we use are Tobin bronze, capped
over so as to prevent steam from getting to the thread or
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Piston Packing Rings.

leaking. Cost! Yes, but is not the preventing of the trou-
ble—and this does it—worth the cost?

The recesses shown in the piston rings in the drawing
are cast eccentric, giving the effect of an eccentric ring and
parallel surfaces in the grooves in the piston. The rings
are limited expansion—that is, the ends are hooked togeth-
er so as to prevent their crowding against the surface of
the cylinder, but when the whole is up to running temper-
ature they are a mechanical fit in the cylinder. They cost,
too, twice or three times as much as ordinary rings, but
they are worth it.”

For many years pistons were made with rings set out
with springs and screws. In one respect this plan was
excellent when skill was used in the adjustment. The
rings had the same tension at all parts of the cylinder and
the cylinder was always the same size the whole length.
Later came the self-adjusting steam packing rings, which
wore the cylinder large on the ends. Then came the vari-
ous sectioned packing rings set out with springs and all
self-adjusting. Many of this type are ingenious, simple
and do good work. The snap ring has pprobably the
most advocates.

The concern an M. E. was with at one time rented a
factory and power to another concern. The engine had
steam packing in the piston and the cylinder being in bad
shape it was decided to rebore it and put in new packing.
The engineer wanted steam packing rings and the M.
E. proposed to let him have what he wanted with the plea
that a man made happy would take better care of the
machine. The president said “No. Put in the same
packing we have on our own engines,” and a pair of snap
rings were put in.

The engineer spent several evenings taking off the
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“Slow Acting” Piston Rings.

cylinder head trying to find something the matter with
the packing. At last he gave up, and one evening wanted
the machinist who fitted the packing to come and look at
it. He had the wheel blocked, and turned on full head of
steam, but not a particle of steam or a drop of water
showed. He said nothing of it to the M. E, but was
always a little sore because he did not get the steam
packing. The steam packing would have cost about 60
per cent. more and the cylinder would have been out of
shape much quicker with it.

One maker of steam packing claims that his rings are
made in such shape that the steam acts on them slowly.
A cross-section is something like Fig. 66, and his claim is
that the beveled edge prevents the steam from acting
quickly. As well claim that steam acts on a conical pis-
ton slowly.

With most packings that are put in junk rings, the
junk ring has to be removed to get the rings out, and
unless the ports are well blocked up there is trouble with
them, and getting rings over the counterbores is at times
exasperating.

Some builders—the Bass company being the first—
make their rings so that the packing rings can be removed-
and replaced without removing the junk ring. This
makes the examining of the packing and truing up of the
piston a quick and easy job. It has been remarked on
several occasions that it appears to be the settled policy
on the part of some builders to make their engines as
unhandy and expensive to take care of as possible. One
of these things is a solid piston. A solid piston is heavy,
it cannot be centered ; if the ring breaks, or if it is thought
one is broken, the rod packing must be removed, rod
taken from cross-head, the whole arrangement taken out
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Stopping a Pound.

and then the whole thing put back. A job that with a
proper piston could have been done in an hour takes half
a day to a day and lots of extra help. When a man con-
fesses he can build nothing but a solid piston it is a con-
fession that he has not the “know how.”

Many engines have a pound at the back end of the
cylinder. Some engineers claim to have discovered the
cause, which is a pounding piston, and they want a large
sum for pointing out the remedy. An' engineer had a

Fig. 67. Junk ring too smnll. Fig. 638. A remedy for this,

heavy pound in the back end of a cylinder and took off
the head and removed packing, but found nothing to
indicate that there was any trouble. There was nothing
out of the way, except the junk ring was small and the
piston could move sideways if the force of the entering
steam should strike the piston heavier on one side than
the other. Fig. 67 shows this in an exaggerated form. He
made a new junk ring with new snap packing rings, the
junk ring being turned the exact size of the cylinder, then
set off the center so as to turn the top of the ring off to
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High Speed Engines.

allow for clearance. This is shown in Fig. 68. A ring
turned in this manner will fit the cylinder nearly half of
its circumference and there can be no side movement.
After this there was no more “pounding piston.”

The joints of the packing rings can be anywhere in the
lower portion of the junk ring and the piston will be
tight, even should they be open for one-fourth of the
circumference. This may not be the cause of a pound-
ing piston, but with a junk ring made in this manner
there will be no pounding, also the packing will be tight
with packing joints on the bottom.

Where High Speed Engines Pay.

There are many cases where light machinery, like fans,
small dynamos, etc., is operated where power is wanted
when the main engine is shut down. These are required
to run at high rotative speed, and in such cases it is a
good policy to investigate the small engines running in a
case with the moving parts continually slushed with oil
and water.

For those who like all parts in plain sight where every-
thing can be examined thoroughly at any time and ad-
justments easily made, there are a number of high-speed
machines of this character that are doing excellent work.

For light work at night it often pays to have these
engines so placed that they can be hitched on at any
time. For places that belting and shafting costs too
much to fit up, these engines are valuable, especially where
steam is used about the mill and the cost of piping not
great. Many a large engine has been materially injured
by running too light a load evenings, to say nothing of
the economy.
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Electricity in Place of Shafting.

In an electric station an 18-inch cylinder Corliss engine
required more coal after 12 o’clock than a high-speed
engine doing the same work. The latter engine had a
12-inch cylinder and the load was just a full load and it
was doing its best service.

It is becoming the practice to use electricity and thus
save the installation and friction of shafting and belts.
Large, tight belts can make sufficient friction to consume -
a great deal of coal. This is the proper thing to do when
machines can be grouped so that too small motors are not
used. In this case the engine is large, and should there
be small loads to be run through the evening it would
be a good plan to use a small engine for the purpose rath-
er than run the large engine with the electric equipment.

Turbines have come to stay, but just what can be ex-
pected of them is not yet known. So far, one can get as
good guarantees for economy from builders of vertical
engines, and in some cases horizontal engines, as from
turbine builders. ’

There is one case where the claim is made that the
company operating the plant does not know what either
system is using, but they do know that when the turbines
are in operation but half the fuel is used that is required
to operate the same plant with high-grade Corliss en-
gines. Their Corliss engines should produce a mechani-
cal horse-power with not to exceed 1374 pounds of water
per hour. This would make the turbines running with
634 pounds. Evidently something is wrong. The tur-
bine has a tremendous peripheral speed amounting to
30,000 feet per minute.

‘There are cases where the engine builder makes great
promises about the performance of his engines and guar-
antees great results, The engine is sold f. o. b. factory.
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Satisfactory Engines.

After the engine is put in use it is found faulty and does
not come up to the guarantee, and when the builder is
appealed to to make it good he falls back on the claim
that the engine was sold {. o. b. factory, and after it leaves
the factory it is the customer’s machine and he has noth-
ing further to do with it. He sends a man to erect it
and his work is inferior, and when complaint is made
he claims that he furnished the man as an accommoda-
tion; that the man during the erection was working for
the customer and under the customer’s direction ; that the
engine was f. 0. b. factory and the customer is at fault
if he does not see that the man does his work right.

Two cases of this kind have come to my notice,
both of them from one firm. The better plan is to insist
that the engine builder shall deliver and erect his own
engine and be responsible for his work and his men.

Steam pressures are increasing, which is of advantage
in many ways where there is a large amount of power
and the work is continuous. Because of this, there are
some mill owners who hear of the high pressures and
think they must not be outdone, so put in engines of no
more than 500 horse-power, that think they must use 160
pounds or more steam pressure, and they only run ten
hours per day.

One case that came to my attention was of a man
that put in a single 24-inch cylinder and arranged to carry
160 pounds steam pressure, and put in piping, heater,
etc., none too heavy for 100 pounds.

The excessively high steam pressures have not yet
demonstrated so much economy as to warrant the neces-
sary extra weight, piping and accessories for ordinary
small and medium powers for light and medium work.
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Hot Boxes and Bearing Metal.

A firm had a new engine which, in common with
engines of that time, had all of its bearings of bronze.
The outer journal was short for a regular wheel, but this
being in a rolling mill, an extra heavy wheel was put on
and put close to the outer bearings, and there was a hot
journal right off.

Stove blacking—the black lead of those days—sulphur,
salt pork, etc., were tried without avail, and cold water
was the only reliable thing that would allow work to con-
tinue, and cold water was used as long as that engine was
run. The crank-pin boxes were also bronze and these
had spells of heating. After a trial of.several cooling
mixtures, white lead, thinned to the consistency of paint
with lubricating oil, was found to be the best, cooling the
quickest and leaving the pin smooth. This was applied
by taking a small funnel, putting the forefinger of the left
hand over the bottom until the oil hole was reached and
then holding the funnel with the right hand. This, of
course, is not possible with high-speed engines, but
there are a number of ways that suggest themselves as
different conditions arise. There is a mineral called bary-
tes that is used extensively in the adulteration of white
lead, and if this is used it will make trouble, but genu-
ine white lead is an excellent cure for hot journals.

Cold water is a sure thing if enough can be used, but
there are many places where it gannot, as it would ruin
belts or machinery. An M. E. went into an engine-room
one afternoon and found them shut down with a hot main
journal, and they could only run a few minutes at a time.
They could not use water because it would not do to let
it run into the wheel-pit. He called for some white lead
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Cooling Hot Bearings.

and some ice; mixed up the lead and showed them how
to apply it, put the ice on to the cap of the journal and
built a fence around it with waste that would absorb near-
ly all of the water and at the same time keep the melted
ice spread over the whole top. The engineer said if he
could only run long enough to bring down the goods they
were to ship that day they would be satisfied. The M. E.
called again in two hours, found everybody happy, jour-
nal cool and the engineer did not have to work that night.

Bronze boxes are nearly gone by and their use is very
rare, babbit metal and the cheaper white metals having
taken its place. Some of the white lining metals are no
better than bronze, and they have a way of melting out
that is not pleasant.

One journal, 14x26, used to have spells of heating
without any apparent cause. After ten years of service
it was thought best to put in some new shells, and in
order that they should be all right, the engineer had the
lining metal made up and sent to the builder who made
the new shells. As there was considerable work to be
done, they sent a man from the shop to put them in. This
man evidently had had experience with new shells on old
journals and was careful to make all preparations for hot
work, even having a hose laid.

Everything went off cool and all right and the engine-
man expressed his astonishment, and the following con-
versation took place:

Engineer—But those shells have babbitt metal.

Engineman—We put in babbitt metal.

Engineer—What kind?

Engineman—The best we can get.

Engineer—How much do you pay?

Engineman—Twenty-two cents.
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Crank Pin and Cross. Head Boxes.

Engineer—They cost thirty cents without the labor.
Babbitt’s receipt called for copper 4 parts, antimony 8
parts, and the best Banca tin g6 parts. This is the same,
except it has only 85 parts tin and is a little harder, and
you will notice that when first cast it has a slight tinge
of yellow. It will stand hammering and at the same time,
when chipped, the chips will fly all over the room.

The outer journal of this engine had a way of getting
very hot persistently. Taking off the cap revealed a small
line about 1-16 of an inch wide that was very bright and
there was so much friction that oil fed through the cup
would have no effect.

The cap was removed and a wooden box with a lid
made, and this was packed with waste, when a very little
oil would run it all right. This shaft was made from
horseshoe scrap and a piece of steel caulk might have
made the hard spot.

It has been the custom for years to line the crank-pin
boxes with babbitt and make the crosshead boxes of
bronze. An engineer had an engine with crank-pin 7%
inches and croschead pin 7 inches in diameter.

The crank-pin boxes would run without keying up for
months, but the crosshead boxes would need keying twice
per week. In the Mechanics’ Fair at Boston, in 1883,
there was on exhibition what was termed “hardened cop-
per” that was claimed to be superior to any metal for
bearings. It was not “hard” but it was treated in some
manner so that it would file and work with tools some-
thing like cast iron. The engineer got some of this and
had some crosshead boxes made. These would go for a
longer time without adjusting than the crank-pin. Evi-
dently, the makers of this metal could not make people
believe that copper would make good bearings and had
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Bearings that Bind.

to give up the business. None of it can be found now.

It is a fact that pure copper is one of our best non-at-
trition metals.

One lubricant used 'in drawing brass and copper is
made by boiling together tallow, hard soap and water,
putting in water to make it of the proper consistency.
This is better than oil for cutting brass and copper pipe.

Soap is a fair lubricant and at one time was extensively
used in packing axles on locomotives that heated. A dash
of spirits of camphor sometimes has a good effect.

Kerosene, when gummy oils are used, will clear a jour-
nal, but not so quickly as potash or ammonia.

The causes for hot journals are many. Of course,
a tight journal will heat. A journal in a solid box, if it
gets warm, will pretty surely get hot, as it will expand
faster than the box; the outside of the box not being hot
will not expand and will cause the box to bind. The only
place that there is any excuse for using solid boxes is
on the parallel rods of a locomotive.

With reciprocating motion a box too loose will heat
from the pounding out of the oil.

A bronze box is cause for apprehension. The name
“bronze” covers a multitude of sins, and worse. A few
are made of good material ; many are simply cheap brass
with an occasional small percentage of tin. When they
get hot they tear the journal and frequently ruin it. A
great many of the white lining metals are as bad, so far
as heating is concerned, as “bronze.” They are made
up of cheap material, lead being largely used.

When a man offers cheap lining metal it -must be made
from cheap ingredients. Sometimes the best lining metal
is ruined through improper treatment, and this is more
liable to be the case with the better qualities than with
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Causes of Heating.

the cheaper. Tin melts at 440 degrees Fahr., and a metal
made chiefly from tin should not be overheated. A good
rule is that it is sufficiently hot when it will char a pine
stick. It should always be covered with a flux when
melting to preserve it from oxidation. Charcoal is often
used for this purpose.

Heating may be caused by all parts not being lubri-
cated, there being no oil channels to spread the oil; by
hard metals made up in the shaft, like pieces of steel, or
cast iron, or cinder, or any material that does not wear
smoothly and evenly; by the casting not being properly
cleaned and sand working out under the lining metal; by
the edges of the lining metal not having been trimmed off
and the thin edges cracking off ; by the work not being
in line, or level and the load not distributed evenly; by
the journal not being of sufficient size, there being more
than 150 pounds pressure to the square inch. In some
cases dirt may get in, and in many cases improper lubri-
cants are used. Too tight a belt makes an excess of
friction.
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Corliss Engines.
vYyy

This chapter will be to a large extent personal. For
a number of years I had tried to get some one interested in
putting on an extra eccentric but was unable to do so, and
all Corliss engine builders of the time claimed that it was
not necessary and would make a needless combination and
expense.

In 1872 I had added to my equipment a Corliss en-
gine, 28 x 60, running at 52 revolutions. To this engine
was attached a syphon condenser. At that time indicators
were scarce, but I had a Richards. I was unable to get
a card that suited me. If the attempt was made to get any
compression the exhaust was late and would not show
full vacuum before half stroke. I tried compression by
giving the eccentric a large advance and by lengthening
the exhaust connections. By doing this it was necessary
to lengthen the steam connections. This made about
three-eighths stroke the latest possible cut-off. As the en-
gine was doing rolling mill work, some of the time it
meant full stroke. The slowness of the exhaust also
troubled me. It was learned after repeated trials that
getting compression at the expense of release meant more
coal burned, while the earlier the release, the less coal
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Corliss Indicator Diagrams.

was required. It finally settled down to the diagram
shown in Fig. 69, as the best that could be done and still
have the engine run fairly quiet. I began to talk two ec-
centrics for Corliss engines, but no one would listen to
me, all interested parties claiming the extra one was not
needed. I tried to induce those having new engines built
to insist on it, but all were easily talked out of it.

In 1883 I was in a position to say that the engine
should be changed that way. In conversation one day
with the superintendent of the engine works, he was told
there was going to be another eccentric. Said the super-
intendent, “We can build it for you,” and it was arranged

\

Fig. 69. Single eccentric diagram.
that I should send the dimensions and a sketch of what
was wanted and the engine builder would make it. It was
made in 1884.

For some reason everyone had the idea that the of-
fice of a second eccentric was to give freedom to setting
the exhaust valves and the principal thing was to get com-
pression. I wanted to get early release and have the
vacuum have effect the full length of the stroke; also a
longer range of cutting-off. »

With a Corliss engine it is evident that the valve must
release at or before the full throw of the eccentric, so the
steam eccentric was set at right angles to the crank, which
would insure a range of cut-off up to half stroke. Both
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Wristplates.

eccentrics were set at right angles to the crank, both
wrist plates vertical, the steam valves with 1-16 inch lead
and the exhaust with 1§ inch lead. The exhaust eccen-
tric was then turned to about 30 degrees angular advance
of the steam eccentric.

I have always had the idea that one should never
depart from the builder’s design of an engine if pos-

e’
Fig. 70. Ol Corliss Wristplate,

sible; that there should be no special parts, so that re-
pairs could be quickly and cheaply made. The wrist
plate originally was like Fig. 70. The new wrist plates
were made one-half as thick, with the outline shown by
dotted lines, and fitted to the same stud. The new rocker
arm was the same as its mate, and all valve connections-
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More Corliss Cards.

-y

C J

Fig. 71. Diagram from two eccentrics.

were the same. After the new arrangement was started
a diagram was like Fig. 71. It will be noticed on this
that the cut-off is round. I wrote the builder, sending
some cards, and inquired if there was any remedy. The
builder suggested that the studs operating the steam
valves be set 1 inch nearer the circumference of the wrist
plate, which would give the valve more and quicker
travel. This was done, and the precaution was taken
to work the wrist full throw both ways to see that every-
thing was clear, but when the steam was turned on and
the engine was partly up to speed, the dash-pot rod pulled
just out of the guide, and the result was a broken wrist
plate. As everything was uniform with the old, the old
single wrist plate was put back and attached to the steam
eccentric set at right angles to the crank, and Fig. 72
was the result.

e

N
Fig. 72. Another card from one eccentric.
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Two Eccentric Corliss Engines.

The round cut-off was not overcome by the longer
and quicker travel to the valve, and I have observed
since that, with a condensing engine, early release and
compression, the cut-off will be round. '

There was another thing observed, and that was that
the range during which the engine could cut off was ex-
tended to three-quarters stroke. At first it did not seem
possible, but it was reasoned that the release taking place
at half stroke, and the piston being at its highest speed,
it must travel the extra quarter stroke while the valve
was closing.

The first engine to which it was applied was speeded
up two revolutions by the change, owing to the governor
in its old position having a longer cut-off. It has largely
been the custom on Corliss engines to build the governor
with a travel of 4 inches. This was cut down to 2%4.

With two eccentrics set in the manner described so
that steam can follow three-quarter stroke, and the gov-
ernor travel reduced to 214 inches, a Corliss engine is a
powerful machine and the regulation is very close. -

The wrist plates should be as light and simple as
possible. A few builders make small balance wheels for
this purpose. It should be remembered that a wrist-plate
must be stopped and started twice every revolution, and,
when made heavy, brings a severe strain on the whole
gearing from wrist plate to eccentric, and means hot
eccentrics, shaky rods and a pound in every joint.

Some wrist plates are built like Fig. 73, evidently
with the idea that they can-be finished all over in the
lathe. o

Wrist plates like this are very hard to stop and start
the other way, and with this type there will always be
hot eccentrics. It is not necessary that wrist plates should
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Setting Corliss Valves.

be finished and many are made that are left plain castings.

On the end of valves, on the opposite side of cylinder
from wrist plates, is a mark showing the edge of the
valve, and below on the seat are marks showing port
openings. Fig. 74 shows these marks and my method of
setting the wrist plates and valves before splining the
valve stems for the little jim cranks.

The usual method for setting Corliss valves with one
eccentric, with engine on the center, is to give from 1-32
to 1-16 inch lead for cylinders from 12 to 36 inches.
With wrist plate on center, steam lap from 3-16 to 34

" inch and exhaust lap from 1-32 to 14 inch. According to

Fig. 73. Round wristplate.

my plan with compound engines, the steam lead on the
low-pressuure cylinder should be from 34 to 34 inch,
depending on size of cylinder.

With cylinders without steam jackets, the corner of
steam line on indicator card should be a little rounding.
This is caused by initial condensation. To bring this
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Marks for Valve Setting.

corner up square means excessive lead, more coal and
more oil. With a steam jacket, this corner will be
brought up square.

Fig. 75 shows plan of wrist plates and my way of
putting in the starting bars. By this method both bars
can be taken in one hand and the engine handled the
same as with a single wrist plate. Most builders put in
round rods, and in such a manner that it is impossible
to handle the engine by hand.

o O

cl =D

Fig. 74. Valve setting marks.

These bars are struck out in all sorts of directions

but the right one. They are usually laid out by drafts-
men or someone having no practical knowledge of
engineering.

When a Corliss engine, or any other four-valve en-
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When Valves Make Trouble.

AN

Fig. 75. Both bars handled together.

gine except piston valves, is running light so that the
steam expands below the atmosphere on non-condensing
single engines, the exhaust valves will lift and rattle.
This is particularly noticeable when steam is shut off.
Because of this, a very few engine builders have got into
the practice of making the ends of the valves solid to pre-
vent them lifting. Valves made in this manner are liable
to give trouble when starting the engine. When a valve
which is solid on the end, or a piston valve, or any valve
that fits tight to case, has steam admitted, the valve will
become heated before the surrounding case and will stick
and cause something to break. This has caused lots of
single pump mechanisms to break, especially when new.
Where there are valves of this kind, care should be taken
to heat everything thoroughly before attempting to start.







How to Place an Engine on Centre.

Another bad practice some builders have gotten into
is to construct the valve mechanism in such a manner as
to bring the jim cranks very nearly in the center at full
throw of wrist plate—nearly as bad as Fig. 76. A very
little shortening up on the connections means a wreck.

To place engine on exact center, turn the crank just
past the center and mark the cross-head and guide, as at
A, Fig. 77. Also measure from the floor to side of wheel
rim, say one foot, or two feet, and make a.mark upon
the wheel, as at B, then turn the crank the other way
past the center to bring the mark on crosshead and guide
and with the same distance from the floor as before make
another mark on the wheel, as at C. Now make a per-
manent mark D on the wheel just half way between the
two marks, and this mark, brought to same distance from
the floor, puts the engine exactly on the center, and the
mark being permanent can be used at any future time.
Mark for the other center in the same manner.

Should it become necessary to alter the steam con-
nections between wrist plate and jim crank, be careful
to see that the dash-pot rod is also adjusted properly, so
that it will not be pushed to the bottom or lifted so high
it will not hook on.

Next give attention to the reach rods from governor,
to see that the valve cuts off properly and that the stop
motion has not been put out of service.

An engineer had occasion to examine five engineers
for a chief engineer’s position for an 8,000 horse-power
station, and when the question was asked, “When changes
have been made in the steam connections, what changes
should be looked after in the governor ?”’ not one of them
could think of a thing, although, if 2. governor belt should
break, it means a runaway.
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An Answer to Criticism.

Cards were sent to the builder, and the superin-
tendent showed them to the head draftsman, who in-
quired why they had not done it before. “Oh,” said the
superintendent, “Crane has been after us to build this
for the last five years.” Being asked why he had not
done it he replied, “Because we don’t want outsiders to
come here and show us how to build engines.”

The new arrangement cost $263. The amount of
coal burned two months before it was applied and for
two months afterward showed a saving in fuel of $500
per year.

This engine was not built at the Corliss works, but
at the time there was at this place a 30 x 60 engine built
at the Corliss shop, and the Corliss company was asked
for a price for putting on an extra eccentric, and the
reply was, “We will not do it for any price. We do not
want our engines run that way.”

The extra eccentric went on, nevertheless, and a few
years afterward I went to the Corliss works and had a
compound built just as I wanted it—two eccentrics
and all.

After about 1892 any one could get two eccentrics
who asked for them, and by 1897 most Corliss builders
claimed they had built them for years.

I have been amused at seeing Corliss engines fitted
with two eccentrics and both wrist plates working in uni-
son. There are many engines running this way that
would do just as good service with one plate,

Criticism has been made of my method of setting
the valves. With 1-16 inch lead on the steam valves and
the large lead on the exhaust, it is reasoned that for a
short time steam will blow through when the engine is
on the center, but this does not occur after the engine is
up to speed and the cut-off in-operation.
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Selecting an Engine.

With some types of Corliss exhaust valves there will
be pounding caused by the valve not having the springs
put in correctly and the valve dropping a little during the
exhaust to be forced against the seat suddenly by the
entering steam.

Most automatic cut-off engmes have a rattlmg in the
exhaust valves when the engine is working light and
running non-condensing caused by the steam in the cyl-
inder expanding below the atmosphere, thus lifting the
exhaust valves from their seats. With junk ring fitting
the entire lower half of cylinder there are those who will
contend that this will add to the friction, arguing that
the pressure on top of the ring produces a pressure on
every square inch of bottom.

This question is the same as that of the slide valve,
whether the pressure is over the total face or over the
ports only. No extra coal was burned with this form
of junk ring.

When selecting an engine, some people are governed
more by scruples than by conditions. There are many
who are strictly Corliss men and can listen to nothing
but a Corliss engine under any and all circumstances
where there is sufficient power to be used that requires
even the smallest sizes of this engine. There are others
who will listen to nothing but high speed and direct con-
necting to individual shafts or to generators. When short
stroke and high rotative speeds came out the claim was
made that they used steam faster, and as a result hotter;
there would be less condensation; the engine could be
directly coupled to the engine shaft, thus doing away
with a big wheel, jack shaft and belts and much power
could be saved in that way.

One large manufacturing company put in two of these
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What Engine to Buy.

engines, each coupled to a main line of shafting. They
advertised extensively their plans and gave glowing ac-
counts of the results after starting. After a time they
began to count the cost, and it did not look so flattering.
It would not do to make the change to a Corliss engine
right away, in view of all they had said, so they kept very
quiet for a long time and then put in a Corliss. For their
work they did a wise thing finally, and should have done
it in the first place. Even with this in view there are
many cases where a Corliss is prohibitive.

A person just starting a small business has sufficient
money to buy a high-speed engine and small building to
put it in. His business pays. so that it is enlarged, and
he finally gets a Corliss. He did not have sufficient capi-
tal in the first place to pay for the Corliss, with the large
building required for the engine, belt, pulleys, etc. There
are many cases in large, well-established concerns that
have use for power, where they have room for a high-
speed engine and where the extra amount of coal used
would not warrant the extensive changes in the buildings
and grounds necessary for the installing of a Corliss. In
many new buildings the same conditions exist. Where a
small portion of the works run overtime a high-speed en-
gine is a necessity, and, while using more coal per horse-
power when the main engine is loaded, will drive the
small amount of work required with less coal than the
large engine would require.

Many business concerns have got a good start with a
high-speed engine that could not have made a beginning
had they been obliged to put in its bigger brother at the
start.

It is more necessary, however, to have the high-speed
engine loaded to about its capacity than for a Corliss. A
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Power of an Engine.

Corliss engine changes neither its lead nor compression
with change of load. While doing work it has the resist-
ance on the exhaust side to overcome, and this resistance
will be the same under a light as under a heavy load.
With a non-condensing engine it would appear something
like this:

Assuming an engine to have 160 square inches area and
500 feet piston speed per minute, it will give 8o horse-
power with 33 pounds mean effective pressure. An en-
gine with the same mean effective pressure will require
50 square inches of piston and the same piston speed to do
25 horse-power. Adding back pressure to the latter case,

49X 50X500
we have 49 pounds total pressure, and ————=34
- 33000
horse-power.

Should the larger engine be only loaded to 25 horse-
power it would require but 10 pounds mean effective
pressure, and adding the 16 pounds back pressure we have

26X160X 500
—— =63 H. P,
33000
showing that the small engine to overcome all resistance
would require coal for 34 horse-power, while the larger
engine doing the same work would require coal for 63
horse-power.

Should a condenser be used these results would be
materially changed, but there would still be the greater
amount of condensation in the larger cylinder.

When we have a high-speed engine with single valve
and shaft governor we have the above exaggerated by the
compression. When a shaft governor is used, the com-
pression is increased with every reduction in the point of
cutting off, so that with light load the piston not only
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Highest Possible Economy.

has to displace the resistance that falls to the lot of the
four-valve engine, but from half stroke must push this
resistance up to nearly boiler pressure in compression.

It is estimated that the highest economy that is pos-
sible for an engine to reach is 1 horse-power with 1 pound
of coal. Under favorable conditions this is accomplished
in the Uniflow engine by using high steam pressure,
superheat, high compression and a low vacuum. The
economy of this type of engine is equal to that of the best
compound engines. As the name implies the flow of the
steam is in one direction, the exhaust taking place through
a central port at the end of the stroke.
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Valves.

N

Among the more prominent valves formerly used
were the D slide valve and the single poppet valve. After
pressures were increased the latter gave way to the double
poppet shown in Fig. 78. This is balanced valve except

Fig. 8. Doublc; poppet valve.

one end must be made sufficiently small to pass entire
_through the port of the other.

This is a difficult valve to make tight. In the first
place, the seat frames are of iron and the valves brass and
the expansion is different, and this difference increases
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Slide Valves.

with the increase of pressure. In the second place, these
valves must be ground to their seats when cold. It is
rare that the same amount of material will be put on each
seat. A single poppet valve can be made tight, but it
would require heavy machinery to open it.

The slide valve, Fig. 79, can be made tight, and if
made so that the valve will always wipe clear over the
seat will remain tight for years. Some of these valves
and ports are very crudely designed.

At one time lead was supposed to be necessary to

Fig. 79. A typical slide valve.

keep an engine from pounding. After the advent of the
high-speed engine, compression was deemed the thing.
With some builds of engines, both are thought necessary
by the builders with the result that we have some pretty
poor results, owing to the design of the valve. Not very
intelligent work can be done in valve setting without an
indicator, but either with or without an indicator a very
clear idea can be got by taking out the valve., Take two
parallel strips of pine and on one mark the dimensions of
the valve and opening for the exhaust; on the other, the
seat with ports, and put them together as shown in Fig. 8o.
Then find the travel of the valve and move the top stick
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Laying Out a Valve,

- over the bottom corresponding with the valve travel. The .

lead, both steam and exhaust, can be plainly seen as well
as all the movements of the valve. Builders who have the
idea that imperfections in the build and alignment of the
engine resulting in a noisy engine can be overcome by
compression, are apt to put an inside lap as shown by the
dotted portion at A4, Fig. 79. This, with a fair clearance,
will make excessive compression and a late exhaust, both
very expensive. An indicator card will tell how much of
this should be taken out.

Lead will cause an engine to pound. Steam pressure

— \ ™
T T (N

Fig. 8. Wooden valve for experimenting.

admitted to the cylinder raises the pressure suddenly and
takes up the lost motion too quickly. An engine properly
built, and not run at too high a rotative speed, will run
smoothly with a moderate amount of compression. To
attempt to get smooth running with an extra amount of
compression or of lead means more oil, more coal and
more repairs. _
The longer the ports the more lead is required, as it
takes time for steam to move. With small-sized engines
about 1-16 of an inch lead for steam and 14 for exhaust
is a fair guess. When setting an eccentric a rule that
can be easily remembered is: It should be set far enough
ahead of a right angle to the crank to allow for the lap
and lead of the valve. When it becomes necessary to run
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Setting the Eccentrics.

the engine the other way this rule should not be forgotten.
The eccentric would be turned either greater or less than
half way, as indicated by the points on the shaft of Fig.
81.

An engineer was at one time called upon to look at
the governor of a small engine. The owner said that the
engine had run all right until of late, when he could not
get speed. The governor was gone over carefully and

)
N
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Fig. 81. Setting eccentric to reverse engine.

nothing was found wrong. The owner was asked if any-
thing had been done to the engine, and received a reply
that there had not.

The governor pulley was taken off, so as to get at the
eccentric, and while looking this over the owner volun-
teered the information that he had moved the engine from
an old location, had had a piper who wrote “M. E.” after
his name to do the changing, piping, etc., and the piper
had an engineer come to set the eccentric. “Yes,” said
the engineer, who by this time had the steam-chest cover
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The Gridiron Valve.

off, “and he turned the eccentric just half-way around.”
The eccentric was then set, and, by the way, there were-
marks on the shaft to set it to run the engine either way,
and the governor gave no more trouble. Turning the
eccentric half-way had delayed the admission of steam
about one-third of the stroke; also delayed the exhaust.

There are many modifications of the slide valve. In
some cases there are ports through the valve and a loose
valve riding on top for a cut-off. In some cases there
are two or more steam ports and a corresponding number
of ports through the valve, making what is termed a
“gridiron” valve. As you add a port you of course add
to the surface exposed to the steam and add to the skin
friction, so that for the same area there will not be the
same amount of steam passing through at the same time.
Should you try to lessen this and make the valve thin, if a
large one, it will warp under heat and pressure. Some
builders try to.overcome this by facing off the seat and
valve ‘when hot.

A man about to buy an engine was solicited to buy
an engine with a gridiron valve. While employing an
engineer he took to investigating the subject personally.
He paid four visits to a place where they had a very large
engine with this type of valve, and on three of his visits
they were facing off the valves.

This springing of the valve occurs only in the larger
sizes. As ports are added, the travel of the valve is
reduced so that the gridiron valve becomes a neat and a
necessary design for a releasing valve under moderately
high speeds. There are a number of nicely designed bal-
anced slide valves which have the good quality of remain-
ing tight for a long time and requiring much less power
than the D valve,
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High Speed Engines.

The poppet valve is very little used in mill, factory
or electric work. Where met with they are operated by
cams. To set the valves, the governor is raised to its
highest position and blocked. The cams are brought
around to the valve stems; if more cams than one, be
sure and get the right cam to the right stem. Set the
valve stem at the proper length so that as the cam passes
it, it will touch but not open the valve. Then let the gov-
ernor down, place the engine on the center and bring the
cam into position to open the valve for the lead required.

Mention has been made of a small amount of com-
pression necessary for smooth running of a well-built,
moderate-speed engine. When it comes to a high-speed
engine, these calculations are all upset. A high-speed
engine requires nice design, nice workmanship and perfec-
tion in balancing. With a slow or moderate-speed engine,
the pressure on the pin and main journal will be direct, as
the push or pull comes from the piston. On a high-speed
engine, the weight of the working parts and relative speed
may be so great as to change the thrust on the opposite
side. This tendency is increased with the increase of the
weight of the working parts and also with light loads. It
also increases as the square of the number of revolutions.

With a piston valve in engine or pump, one should be
careful when starting up cold if the valve is nearly new,
or if it has been recently adjusted, as the valve, when
steam is admitted, will heat up much faster than the steam
chest and will expand so as to be tight and liable to break
something.

The valves for engines therefore are: the D slide valve,
with its modification, the gridiron valve; the poppet
valve, the piston valve, shown in Fig. 43; the balanced
slide valve, shown in Fig. 82, and the Corliss valve,
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Balanced Valves.

“Imitation is the sincerest flattery,” therefore the valve
most imitated is that most desired by the public. The
slide, because of the size necessary, is limited to small and
medium sized engines where high-pressure steam is used.
It is possible to use it on the low-pressure cylinders of
compound engines where the heat and pressure are not
great.

The poppet valve has largely gone out of use, but, like
baggy trousers, may occasionally come in fashion.

The piston valve, because of its small friction, simplic-
ity and cheapness, is very attractive and has considerable
demand. Even those that own up to its liability to leak

Fig. 82. Balanced slide valve.
will use it on high-pressure cylinders of compound en-
gines, and by using a tight valve on the low-pressure cyl-
inder get, in many cases, very good results.

Steam will blow through stronger into a vacuum than
into the atmosphere. George was trying to reduce the
coal bill at an electric station where they ran the day load
with a single cylinder, piston valve engine. He connected
the exhaust to the condenser, and immediately the coal
account increased. He had a new valve and complete new
chest put on, and, while there was some improvement, it
still required more coal with the condenser. When ex-
hausting into the condenser the steam could be plamly
heard rushing by the valve. R
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Runaway Engines,

The balanced slide valve requires skill and time to
make a tight fit, but can be made tight and durable. With
from 15 to 20 per cent of the pressure to hold the vilve
. in place it is a neat arrangement and vies with piston
valve in attractiveness with the advantage of keeping
tight. They are easily handled by a shaft governor and
are largely used in medium and high-speed engines, and
have a large sale. When an engine with shaft governor
is attached to a condenser it should be carefully watched
when there is no load. A shaft governor is supposed to
govern the admission of steam from no steam admitted
up to three-quarter stroke. With a single valve, with
lead, compression, exhaust and the variable cut-off all to
look out for, requires nice calculation, and in many cases
the governor has not sufficient range to entirely prevent
the admission of steam with no load, and with a vacuum
the chances are in favor of a runaway engine. An M. E.
attached a condenser to an engine with a shaft gover-
nor, and, knowing what he had to expect, explained to the
engineer the probability of excessive speed at midnight,
when the street lights were thrown off, and cautioned him
to jump for his throttle as soon as he threw the switch.
The M. E. stood close by the engine so as to be sure to
prevent trouble. He, however, wanted the engineer to
do the work and see what he had to deal with. He had to
close down to save the engine and then let the engineer
try and regulate it. The patrons that were using the
lights at that time must have wondered a little.

He finally took hold of the throttle, closed it down and
then turned it slawly up to the point where the lights were
all right and then put a mark on top of wheel of valve.
He then threw on the street lights and opened the throttle,
counting the number of turns. The switch was then
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A Tandem Compound.

thrown out, the valve closed that number of turns and,
leaving the wheel with mark on top, brought the speed
down, or rather regulated the amount of steam necessary
for the proper speed, so that the governor could handle
it without the lights fluctuating. This would not do for a
railroad load.

An M. E. had a case with a tandem compound engine,
piston valves, shaft governor, that was not safe with a
condenser, and the builders had a man at work a month
before he had the valves and governor so that it would
control the engine with light load with a condenser. The
builder sent in a bill for $600, and insisted on its being
paid or would bring suit. To avoid a law-suit the M. E.
advised the payment of the bill and that not another dol- -
lar’s worth of goods be ordered from the builders.

So far as the Corliss valve is concerned, there are many
that do not like to admit they are imitators and claim to
have something just as good or better. The horse-power
of the other types are small as compared with the Corliss
type. The Corliss type with disengaging valve gear is
limited in rotative speed. There are builders that put in
double-ported valves with steam closed dash-pots that
will get 150 revolutions. . The objection (there seems to
be but one) to the Corliss engine is the cost of the mech-
anism for operating the valves, which makes the first cost
of the engine large; also the longer stroke must always
make this engine more expensive in first cost than the
single-valve engines, but not more so than those imita-
tions of the Corliss idea of using four valves at the ends
of the cylinder. The valve gear should not be run over
125 revolutions.
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Air Pumps and Condensers.

'

When James Watt separated the condenser from
the cylinder of the steam engine, he built his air pump

CONNECTION FOR ATR PUMP TRUNK
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Fig. 83.

similar to Fig. 83. There has been some refinement put
on this, but in the main it is the best plan for an air pump

ever designed.
Mr. Corliss added something to it of value. He put
in iron rods 4 A, with set-screws through cover, to hold
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Air Pump Packing.

down the top valve plate. When it is necessary to lift
this cover the set-screws can be loosened and the rods
taken out. He then put in two holes through this plate,
which are closed with plugs when the pump is in
operation.

When the plate is to be lifted, the pump is put at its
lowest position, these plugs taken out and bolts with an
engagement, threaded near the head, shown at B. This
bolt reaches to the plunger, and by raising the pump to
its position the top plate is raised and access had to the
plunger.

Mr. Corliss also made an arrangement for driving
the pump—that is, the connection to the bottom of the
trunk of a long strap with a rod between the top and
bottom brasses, so that when the key is driven at the top,
both top and bottom brasses are tightened alike.

The usual method for packing the plungers was with
hemp, which would last but a short time. A man got a
patent for a packing made from maple blocks, the joints
rabbeted, and this packing made double. This packing
was held against the cylinder by two coils of rubber hose
made without canvas, Fig. 84. He sold his patent to Mr.
Corliss, and it was the only patent Mr. Cerliss ever
bought. An engineer had one of these pumps, 26-inch
cylinder, in use six years, and thinking the packing must
be used up, he procured a new set to replace the old; but
upon taking the old out he found it in perfect condition,
and replaced it.

These pumps, as generally run, have a pound wher
the water on top of the plunger strikes the valve plate.
One of Mr. Harris’s engineers learned to put in a 5-
inch pipe with globe valve, as shown at C, and by open-
ing this valve about one-eighth of a turn, just sufficient
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A Patent Corliss Bought.

to let in air enough to cushion the water and open the
valves before the water struck them, all pounding from
the above cause would be prevented.

‘This is sure on all properly designed pumps, but as
these pumps are lined with bronze, and all the parts of
bronze are very expensive, there is too often a tempta-
tion to make them too small. When too small, this air
cushion is of no avail, and will reduce the vacuum.

Pig. 84. Air pump packing that Corliss bought.

An air pump cylinder should be of sufficient capacity
so that the water to be removed should not fill over 335
per cent., leaving the rest for air and vapor, which at
that pressure require a large space.

When boiler pressures were low, condensers were a
necessity, but as pressures increased many steam users
got along without them, and because of their expense,
the percentage of condensing engines was small.

About the year 1870 a man by name of Ransom
invented a condenser, a cross-section of which is shown
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The First Syphon Condenser.

in Fig. 85. This was the first syphon condenser.
At the top of the condenser was a plate, perforated

EXHAUST
WATER

23 L<F

Fig. 8s. The frst syphon condenser—Ransom’s.

except over the end of the exhaust pipe.
The injection pipe reached above the perforated
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Trouble with early Condensers.

plate. The discharge pipe was of the same size as the
exhaust and filled with 1-inch pipes, as shown. These
pipes, near the top, had branches through which the
water entered, and as the water passed down the pipes
it drew in air and vapor at the top. Of course this con-
denser must be 34 feet above the hot well. - -

A great many of these condensers were put in, as
they were inexpensive and had nothing about them to
need repairs, except a cold water pump.

They would produce from 24 to 27 inches of vacuum,
and many of them did good work; but there being no
way of telling the height of water in them, and as it was
necessary to have the water over the top of the discharge
pipe to get the best vacuum, many an engineer pumped
the water until it went over the top of the exhaust pipe,
and a wreck followed. There were so many of these
wrecks that this condenser was short lived.

About the time these condensers were wrecking
engines and steam users had awaked to the fact that about
25 per cent. of fuel could be saved with a good con-
denser, Mr. Henry W. Bulkley came out with his syphon-
injector condenser, his patent being for a syphon and
injector combined when applied to a condenser.

This condenser is shown in Fig. 86. If we let water
flow from the end of a pipe, it will take a tapered form.
These condensers are made in that form. They are
finished inside so as to give a smooth flow. There is
a cone having a small annular space at the end,
this annular space being of the right capacity to let a
sufficient amount of water through without pressure, and
also the throat at the bottom is of the same capacity.

The flange at top of condenser is placed 34 feet above
the hot well, and the hot well should be of sufficient size
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Bulkley’s Condenser.

to hold the water at all times over the lower end of the
pipe. : '
Accidents with this condenser can occur: By allow-
ing the lower end of the discharge pipe to become uncov-

?
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Fig. 86. Bulkley’s syphon condenser,

ered and air bubbles to enter, lifting the water after
the manner of the air lift in wells; by putting on a heavy
pressure of water and forcing more through the end of
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Hot Well Capacity.

the cone than will readily pass out of the throat; by put-
ting on sufficient pressure to collapse the cone; by the
bursting of a tube in a heater in the exhaust pipe.

There is no excuse for any of these mishaps to oceur.

The hot well should be double the capacity of the
down, or tail pipe, and no water other than the feed
should be taken from it.

If necessary to use water from the hot well for
other purposes, there should be a second well for that
purpose.

An important thing is to have a good strainer over-
the suction pipe, or there will be the annoyance of taking
out the cone to remove obstructions. The objection to
this condenser is that it requires a constant water supply
to fill the throat regardless of the load. The vacuum
produced with not over 300 feet elevation above sea level
is 28 inches by mercury gage.

One of these condensers was elevated 20 feet above
the water supply, and which, after starting, would draw
its own water. In one case a large hole wore through
a heater coil, allowing the water to flow direct into the
exhaust without giving trouble. This went on for some
time and was finally discovered by seeing a large stream
of water running out of the drain pipe while the engine
was standing.

There have been some modifications of this con-
denser. Because of the trouble with the cone stopping
up, one builder made them with adjustable cones, so that
more or less water could be let through and also the cone
could be lifted to let out any obstructions. A condenser
of this description will not produce a high vacuum.

“The Worthington Pump Company, in 1900, com-
menced building a condenser similar to the Bulkley, which
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Worthington’s Condenser.

is shown in Fig. 87. This does not have the cone, and
if it depended on the condenser alone, would not produce
a high vacuum. They put in a pipe in the center of the
condenser which leads through a cooler placed in the in-

HAND WHEEL ? .
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Fig. 87. Worthington’s syphon condenser.

jection pipe and then to a dry vacuum pipe. The ob-
ject is to pump any air not taken out by the water through
this dry vacuum pump. The claim is made that a less
amount of water is required than with the Bulkley.

The syphon condenser showed steam users that there
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Conover’s Plan.

was about 25 per cent. saved by the use of condensers.
A demand arose for condensing.apparatus, and nearly
every pump builder commenced building them in con-
nection with their horizontal pumps. Some of them did
very good work, but a horizontal pump is not the better
plan for an air pump.

In the first place, horizontal direct-acting pumps
sometimes stop. They are great consumers of steam.
A large horizontal water cylinder has a way of collecting
grit in the packing and cutting the lining out. A vertical
pump as built by Watt is not so liable to do this.

A duplex pump is an improper pump to use, as it is
very liable to take short strokes, which makes large clear-
ance, and is also liable for a time to make so short strokes
that the engine cylinder becomes filled with water. \

Mr. E. K. Conover, seeing the large amount of steam
used for the condenser, took up the Watt air pump and
attached it to a special compound engine with Corliss
valves and adjustable cut-off. This made'an exceedingly
economical independent condenser and very compact.
As it is driven by an engine with crank and eccentric it
does not stop when one is not watching.

If sufficiently large for the work it will maintain the
high vacuum of this type of air pump, and as it is ver-
tical, there is very little danger from cut cylinders. It
cannot be built as cheaply as the horizontal type.

Since Mr. Conover showed such excellent results,
other builders have adopted the practice of building the
larger sizes of air pumps vertical, and with compound
engines, so that vertical pumps have become universal.

The important thing to look after in a condensing
plant is absolute tightness. A small leak of cold air ad-
mitted to the exhaust and becoming heated, takes up a
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Hot Well Temperature.

great deal of room. Care, therefore, should be taken to
have all joints in the exhaust and all rods and stems as
nearly tight as possible.

If only a partial vacuum can be obtained and the
pointer on the vacuum gage fluctuates, it is a pretty sure’

"sign of an air leak. An excellent way for stopping air

leaks is to get as high a vacuum as possible and then
paint the whole exhaust system, carefully watching the
whole surface to see if any place is found where the paint
is drawn in. If the hole is not too large, constant paint-.
ing will finally stop it. After the whole surface has been
gone over carefully, test the exhaust relief valve. The
final test is to stop up the outlet from condenser, fasten
down the relief valve and turn on steam until 15 or 20
pounds pressure shows. This test should not be tried un-
less absolutely necessary, as it expands everything, and
of itself is liable to induce leaks.

The water in the hot well is sufficiently cool if 100
degrees Fahr. It may be 110 degrees and with a good
condenser get 26 inches. 9o degrees for 284 inches.

With any engine a vacuum will rlemove the atmos-
pheric resistance and will show economy, except with
leaky valves or piston. In such a case the steam will
leak faster into a vacuum than into the air, and a con-
denser may show a loss.

A condenser, however, shows best with a full loaded
engine.

When the Ransom condenser came out, a manu-
facturer put one on a 24-inch cylinder.

The addition of the vacuum showed such a saving
that he reasoned that if he had a larger cylinder the va-
cuum would do more work and he would get still better
results, so he took off the 24-inch and put on a 30-inch,
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Water for Jet Condenser.

with the result that he consumed more fuel.

His 24-inch cylinder showed a diagram card like
the full lines in Fig. 88, while the 30-inch showed one like
the dotted lines. The work done by the vacuum was no
more with the larger cylinder, because of the earlier cut-
off, while the cylinder condensation was largely increased.

A 22 x 42-inch cylinder and 75 pounds of steam with
26 inches vacuum showed much better results than a 38 x
48-inch with 8 pounds of steam and the same vacuum
doing the same work.

For determining the amount of water for a jet con-
denser, the usual approximate rule is 20 times the amount
of water that is used to generate the steam. :

)

— — )

Fig, 88 :

One rule to estimate the amount is: Divide 1,000
by the difference between 100 degrees and the injection
water ; multiply the weight of steam used per hour by the
quotient, and the result will be the weight of water
required.

Because of the amount of water required for a con-
denser there are many places where they could not be
used. About 1891 H. R. Worthington came out with a
cooling tower, shown in Fig. 89. This consists of a steel
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Cooling Tower.

shell, open at the top and supported on a suitable founda-
tion. On one side of the shell is a fan to force a current
of air through the tower. The filling consists of earthen

8UCTION TANK

Fig. 89. Worthington cooling tower.

tiling set on end. The water from condenser is carried
by pipe to top of tower and distributed by spraying over
the ends of the top set of tile, and the water is spread
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Action of Cooling Tower.

evenly and in a thin sheet over the outside and inside
of the tiles, and is met by the air from the fan. When
the writer was first shown one of these, and having some
knowledge of the power required to move large bodies
of air, he inquired why they did not put a stack on top
and save the power required to drive the fan. This has
later been done.

Later Mr. Barnard invented a tower that operates
with neither fan nor stack, although it will do more work
if encased and used as the Worthington. This tower
consists of mats made from wire cloth and hung in a ver-
tical position, over the tops of which the water from the
condenser is distributed. As the water flows down the
mats it turns in and through the interstices and is thor-
oughly broken up and exposed to the action of the air,
and, its progress being so slow, a long time is given the
air for contact with it. It is open on all sides to the air;
and, to get the best results as a fanless and stackless
tower, it should be placed in an exposed position where
the wind has free access from all sides. '

The action of all these towers is the same—the con-
tact of air and evaporation. The latter is the most impor-
tant, as the more rapidly the moist air can be driven
away the greater will be the evaporation with a conse-
quent reduction of temperature. Other fanless towers
have been built of wood with excellent results.

Connected with the cooling tower in many cases, but
more often in marine work, is the surface condenser, one
form of which is shown in Fig. go. The circulating water
passes through the tubes, and the exhaust steam, com-
ing in contact with the outside of the tubes, is condensed
and removed by the air pump. The air pump, in this
case, can be smaller than when all water must be handled
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Surface Condenser.

by it, and the condensed steam, free from all impurities
but oil, can be returned to the boilers. The oil question
with large horizontal engines is a serious drawback.
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Fig. go. A typical surface condenser.
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The low-pressure cylinders of compound engines of
the horizontal type require large quantities of com-
pounded cylinder oil, the worst thing that can be used for
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Using Surface Condenser.

a boiler. In some cases it is absolutely impossible to use
the water from condensation.

In the first place, there should be a good oil separator
put in the exhaust just as it enters the condensers. This
will separate all the water and oil in the form of liquid,
but the larger part of the oil has been vaporized, and
the animal part has become an emulsion in the steam and
becomes a portion of the condensed steam. It is at this
point that the great trouble arises in separation.

Salt, hay, excelsior, sponges and various absorbents
have been tried. Should sponges be tried, soak them in
oil and squeeze them dry. They will then reject water
and take up oil. About the best plan is a tank like Fig. g1.
This consists of a series of partitions whereby the water
goes first under, then over, then under, etc., until it comes
to the opposite end, when it is taken out by a pipe, as
shown. During all the movement of the water through
the tank the oil has every facility to come to the top and
stay there. The important thing is that the tank be
large and the passage of the water very slow. It is still
better if the water can be carried a long distance through
a large pipe before coming to the tank and frequently a
second tank is necessary.

It is advisable to build a large tank, as large as one
can afford, but for 1,000 H. P. capacity not less than 15°
square and 12’ deep, let the water enter at the top and
pass to feed pump from bottom.

- When used together, a cooling tower should cool
. the water below the temperature of the surrounding air
and the surface condenser should cool the condensed
water to not above 115 degrees. It has been claimed that
one foot area of tube surface would cool 10 to 12 pounds
of steam, but experience has shown that with water from
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Getting the Qil Out.

tower at 98 degrees one could not count on over 6 pounds
of water from one foot of tube area. '
These condensers are necessary only with bad waters,
and with bad water and high temperature in the con-
denser, the tubes get scaled quickly. In one case a firm
had such bad water and the condensing apparatus was

so small for the work that the temperature of the water

as it went to the tower was so high that the inside of the

pipe, valve disc and seats were covered with scale.

Where water is scarce, one reason for putting in a
cooling tower has been the idea that most of the water

required for the boilers could be saved, but the evapora-

1
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Fig.91. A good plan for a tank.

‘tion from the tower amounts to nearly ‘as much as the
-exhaust from a non-condensing engine.

The idea that some people have as to the nature of

-a vacuum is surprising. Many consider it a source of
.power, whereas there is no power in it. It is simply a
-space devoid of power or resistance. It removes all re-

sistance from the exhaust side of the piston and allows a

- pressure that equals the pressure of the atmosphere to do
- mechanical work.

An engineer came across an article that stated that
at the dock trial of a steamship, to the engines of which
was attached an independent condenser, the valves and
pistons of the engines were .so tight, and the engines
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About Vacuum.

throughout were so perfect, that when the steam was
shut off the engines continued to run from the vacuum
produced by the independent condenser, and that the
vacuum had to be broken before the engines could be
stopped.

The engineer wrote an article saying that it did not
show perfection; that it simply showed that the throttle
leaked.

This was resented by the writer of the article, and it
started a discussion that was taken up by the various
mechanical papers, that lasted over a year, and it was
surprising the number of engineers who actually believed
that with an independent condenser a marine engine
could turn a propeller in the water indefinitely without
any steam being admitted to the cylinders.

He had an engine with steam cylinder, 30x60
inches, with tight piston, valves and throttle valve, to
which was connected an air pump, 26 x 12 inches. He
reasoned that as the steam piston was larger and ran
at a higher speed, it must produce a better vacuum on the
steam side of the piston when the steam was shut off
tight, than the smaller and slower-moving air pump, so
he took a card under those conditions. The vacuum on
the exhaust side of piston was 27 inches, and on the
opposite or steam side was 2874 inches. This any one
can verify if he has an engine perfectly tight, including
the throttle. :

Some men have an idea that the vacuum can lif
water out of a condenser into the cylinder. A vacuum
can do no work, not even lift water. Take a gage glass,
plug one end tight, fill the glass to within 2 inches of
the top with water and produce a vacuum at the top,
and it will be seen that the water cannot be moved.
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Work of a Vacuum.

Admit a little air at the bottom and the water will be
raised all right.

Not until water can be raised out of a glass tube
plugged tight at the bottom will it ever be possible to
raise water out of a condenser into an engine cylinder,
unless air be admitted from the outside. The condenser
may be flooded and flow back, but never raised.

The writer was in the office of a large engineering
firm, and there heard the remark so often made, “When
steam is shut off the engine is changed into an air pump.”

It seems strange what a large number of engineers
believe this. When steam is shut off the engine is not
changed into an air pump. The exhaust valve on exhaust
end is open to the vacuum on a condensing engine, and
the exhaust valve on the other end is closed. Cards taken
from an engine with tight throttle, piston and valves,
showed about one inch better vacuum on the steam side
of the piston than on the exhaust side, but this was im-
mediately lost as soon as the exhaust on that end com-
menced to open.

An engine can only become an air pump when the
valves are reversed. When the engine is driven from
some other source, or by the momentum of the wheel,
and the valves reversed, the engine will be changed into
a pump. '

This engineer also made the other remark we hear
so frequently, “When the engine is changed into a pump
it will ‘suck’ water out of the condenser.”

This shows what confused ideas many men get about
the nature of a vacuum. A vacuum is a space that is
inert. It has no force or energy of any kind.

We see a non-condensing engine attached to a con-
denser and noting how much easier it runs it naturally
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An Example.

seems that the vacuum has done lots of work. We see
steam shut off from an engine with the exhaust open to
the atmosphere and note that the ‘engine stops in one
minute. We then attach the exhaust to a condenser with
a high vacuum and note that when steam is shut off
the engine may run five or ten minutes, and it appears
as though the vacuum was doing a whole lot of work
in that engine.

Suppose a boy is pushing a cart and is applying a
force of 30 pounds, but a boy in front of him is holding
back with a force of 15 pounds, the cart will be moved
forward with a force of 15 pounds. Suppose the ob-
structing boy drops out of the way. The boy pushing,
exerting no more force than at first, can move double
the load, or move the same load faster. It is this boy
that, while putting forth no more energy, is accomplish-
ing work. It is not the obstructing boy who is doing any
work. His case is simply that of resistance removed.
He is simply out of the way. T

It is the same with a vacuum. It is simply atmos-
pheric resistance removed. A vacuum cannot suck water
out of a condenser or out of any other place.

Water has never been raised by a vacuum, even to
the extent of one one-thousandth part of an inch. It
has always been raised by pressure,
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Tools for the Engine Room.

An important item for the engineer is a complement
of handy tools. The much-abused monkey-wrench will
never be entirely replaced, but, if one can afford it, a set
of drop-forged steel wrenches will do much better work,
as they do not spring.

Sometimes there will be a large nut or plug that no
ordinary wrench will fit, when a square bar of steel can
be bent at the end, as shown. The bar should be of
sufficient area so that it will not spring open, and as
the entire bar can be used for a lever it makes a power-
ful wrench.

One form of home-made, large monkey-wrench is made
like Fig. 92, the key being used to set the jaws for any
sized nut. These are made 4 feet long, with a hole
at the end of the lever for attaching a small tackle.

Sometimes an obstinate nut can be started by holding
it hard against the nut and striking the end of the wrench
with the ball of the hand, or a block of heavy wood can
be used, striking the wrench with the end of the stick.
A stick of wood does not batter the wrench like a ham-
mer and does more effectual work—a hammer strikes too
solid a blow and is liable to break something.

Altogether too many wrenches are ruined by the use
of hammers, and in screwing up work, too many bolts are
broken or are strained to such an extent that they let go
in service. A piece of gas pipe over the end of a wrench
has been the cause of many disasters.

A handy tool for many uses is the Jimmy. This is made
from 7g-inch steel and is 18 inches long. Another form
is also shown, the long end being used to put through
holes in flanges to bring them into line.
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Tool for cleaning flanges. Screw jack wrecking wedge. ‘Wrecking wedge.
Gage glass cutter, A handy scraper. Special wrench of square bar.
Small crow bar. Packing stick. ome made monkey wrench.

Special crow bar. ) A
Fig. 92. Engine room tools.
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Engineers’ Handy Tools.

Wrecking wedges, as shown, are used for opening
joints of all kinds, being sharp at the end and a long
taper. They are easily inserted and very powerful.

For cleaning flanges that can be separated but slight-
ly the thin tools are convenient, the tool being but 1-16
inch thick and the flat part 4 to 5 inches long. A small
screw-jack, the jeck being 3 inches long, is a convenient
tool,

A handy form of scraper in many cases for flange
joints is shown, also a hardwood stick for driving
packing into stuffing boxes. This does not injure the
rod. For removing packing a hook at the end like a
corkscrew is the neatest thing, although if the packing
is thoroughly rotten, the old-style hook, simply the end
of a rod bent over, must be resorted to.

At the present time very neat cutters for cutting glass
gages are on the market, but where one finds himself
without one he can make the tools shown. In order to
do a neat job it is necessary to cut the glass on the inside.
This tool is drawn down and bent over as shown, and
the point made sharp.

When hardening, be careful not to heat the tool too
hot. It is not necessary to draw the temper any, provided
it was not too hot. When steel is too hot and plunged
into water, the grain is made coarser and the work will
be brittle. If heated just right, the grain will be made
finer and the tool will be hard and tough and difficult
to break. With this tool a scratch can be made around
the inside of the glass tube, and, if it does not break of
itself, it can be broken by placing the end of the thumbs
on each side of the crack and attempting to bend it. It
will then break off at the mark made by the tool.
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Belting.

I was called upon to examine and report upon a belt,
as the claim had been put forth that it was a sham.

I found the belt connecting the engine to line shaft,
the engine pulley 20 feet in diameter and shaft pulley
about 5 feet. .

The belt was made from a fine quality of leather and
well put together. It had been stretched so that in many
places the leather was actually pulled apart and still the
glue held.

The belt was large enough for the work, but the
center of shafts were not far apart, making a short belt,
and as the pull was on top, it was necessary to keep it
taut. There was no idler.

The case was diagnosed as follows: As the belt
centers were short and it was necessary that the belt be
tight to drive the load, there had been trouble with the
belt stretching. When the weather is damp a belt will
stretch and will grow short again when the weather is dry.
, The belt having given trouble by stretching, it was
but natural that the men when taking it up should say
that they would take it up so that it would be all right
for a long time.. Should this be done when there was
damp weather and a severe strain be put on it then, when
the weather became dry it would be put to a severe test
and would probably be in the condition found.

The concern using the belt did not believe in idlers.
There are many ideas both for and against idlers. When
the belt is long and pull on the bottom, idlers are not nec-
essary. When the belt is short and the pull is on top, an
idler saves many anxious moments. An idler should al-
ways be put on the slack side of the belt whether the slack
side be bottom or top.
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Don’t Run Belts Too Tight.

An idler should be arranged, in adition to the tight-
ening screws, so that one end of the shaft can be moved
back and forth by screws. This will serve to guide the
belt and ofttimes save tightening it. It does this on the
same principle that a roll can be knocked sideways when
moving a load.

Fig. 93 shows one form of tightener with a side ad-
justment for the end of shaft.

Pig. 93. A substantial tightener,

A belt should never be run tighter than absolutely
necessary, both on account of friction of shaft and also
the life of the belt.

Where an idler is used the belt can be tightened and
save many a shut-down. When screwing up a tightener
it is only in rare cases that a man does not get tired and
stop when the belt is sufficiently tight. There may be a
few cases different, but they are rare. When a belt has
to be tightened by shutting down and using belt clamps,
the temptation is to overdo things.

A belt, to be of value, should be made of the best
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Picking Out a Good Belt.

part of the hide, which is the back. The neck and shoul-
ders are a spongy mass, easily absorbing moisture and
stretching in all directions. In the belly, the grain runs
different and this is also inferior.

The hide is thick at the center of the back and slop-
ing down thinner for a short distance and then gradually
growing thicker to the belly. Fig. 94 is an exaggerated
cross section.

The dotted lines on Fig. 95 show all the portion that
should be taken from the hide for the manufacture of
belts. Fifty-four inches has been settled upon as ‘the
longest part that should be put in a belt. There are many
hides that will yield longer pieces than this, but if only
54 inches are allowed, one is fairly safe.

Wi

Fig. 94. Exaggerated cross section of a hide.

The backs are called “centers.” After one has be--
come familiar with the appearance of the center of the
back he cannot be deceived. There is no possible way
discovered yet of imitating it and one can always tell
whether a piece of belting has the center of the back run-
ning through it.

. A belt larger than 48 inches wide should have more
than one center, else it will be encroaching on the belly,
with a stretchy belt as the result.

A belt 'of more than one ply should be made of only
solid leather without any filling.

It should be borne in mind that a hide is not uniform
in thickness, and that to produce a belt of the same thick-
ness throughout, the hide must have the high portions
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Where Belt Leather Should Come From.

shaved down on the flesh side, or the low places must be
filled up with leather shavings.

When a belt is put together it should be with-glue
alone and there is no excuse for stitches, pegs or rivets.

Some belt makers claim that to shave down the high
parts of the flesh side so as to make the thickness uni-
form greatly reduces the strength of the hide, and that a
stronger belt can be made by filling the low places and
they succeed in getting many of their customers to be-
lieve it. This is a matter for the purchaser to decide.

Fig. 95. Shows only part to be used for belts.

It would be a good idea for him to see the belt put to-
gether if he elects to have the leather shaved down.

Heavy main belts should weigh not less than 16
ounces per square foot for each single ply without any
filling.

A double ply will be a little over 34 of an inch thick
and three ply 54 inch thick.

At one time I had the pleasure of putting on a three-
ply belt that was plump 34 inch thick, and that without

201



Making a Wide Belt,

any filling of any kind. The belt maker was two years
selecting the hides for this belt.

Hides for a belt should be dried on a stretcher and
should be seasoned for several months, so that the order
for an important belt should be given as early as pos-
sible.

We have here again two ideas. Some makers claim
that to take the stretch out of new leather permanently
injures it and that a belt will be longer lived if it is
stretched in use—and business is shut down to take it up
several times. Even if this were so, the interruption of
business for taking up a belt frequently would be of more
account than the cost of a new belt.

I Z |
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Fig. 96. The best way to make a wide belt,

When pulleys are properly made and the shafts in
line, there are two causes for a belt not running true.
One is that the belt is not made straight, or the last joint
is not put together straight. The other is lack of uni-
formity in the hides, there being belly leather and one side
stretching more than the other.

An excellent way to make a belt 48 inches wide and
over is to put three centers on one side and two on the
other made with a running splice, or the joints length-
wise lapping about 3 inches instead of butting together.
This is a more expensive belt, but fine running. Fig. g6.

To determine the length of a belt, multiply the dis-
tance between center of shafts by two, add the diameter
of the two pulleys together, divide by two and multiply by
3%. Add this product to the first product.
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Horse-power of Belts,

To determine the horse-power of a belt some authori-

ties give the speed of a 1-inch belt as 600 feet equals I
horse-power, and from that on to 1,000 feet equals 1 horse-

power. :

If we take the first the rule is:

speed X width

—_— = H.P.

600

If we have a single belt 12 inches wide and running
5,000 feet per minute, it becomes

5,000 X I2
= 100 H.P.
600

Should we take 1,000 feet as 1 horse-power it would
make 60 horse-power.

Another rule takes into account the allowable strain
on a belt, which is taken to be 70 pounds as the highest
allowable strain on a belt one inch wide.

speed X width X strain

- = H.P.
33,000
or
5,000 X 12 X 70
= 127 H.P.
33,000

By adding another ply will add 75 per cent. to the
strength of the belt.

Extra plys add weight, which is also important.

Belts sometimes do not run well because the pulleys
are not turned accurately.

At one place an engineer put up some work where
the belt ran to one side and the purchaser was very much
put out and was saying all sorts of things about the belt



Arc of Contact vs. Speed.

and wanted the maker sent for right away. The engineer
admitted that if the belt was the cause of the trouble the
maker should be called upon to remedy it, but suggested
that before he was called upon that the purchaser should
do the first thing the belt maker would do—measure the
pulleys. This was done and the engine pulley, 20 feet in
diameter, was found %% inch larger on one side than the
other. After this was straightened out there was no
further trouble.

There used to be a great account made of the “arc
of contact” on the pulley notwithstanding that the belt
usually slips on the driving pulley, which is the largest
and has the largest “arc of contact.” One strong “arc of
contact” man argued that as he had had trouble with the
belt slipping on some of his work and as increasing the
diameter of his pulleys had remedied the slipping, there-
fore the larger pulleys, having a larger “arc of contact,”
were what was desired. After some talk he finally ad-
mitted that the higher belt speed caused by the larger
diameter pulleys might have something to do with it.

Belts that run at a high speed frequently get charged
with static electricity. This dries out a belt, rendering it
dry and brittle.

A copper wire, sizé from No. 6 to No. 12, with a
number of points composed of wire, stretched across the
belt at a point where it runs the smoothest, the points of
wire being about 1 inch from the belt and the ends of
the wire grounded on bearings, or anywhere convenient,
will remove all that is harmful.

‘New belts are dressed with what is termed “water-
proof dressing.” Hardly two belt makers use the same
preparation. It should be made from ingredients that will
keep the belt soft and pliable, and is waterproof only so
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A Good Belt Dressing.

far as it has filled the pores of the belt and leaves smaller
space for moisture.

" One of the best belt dressings is made from 1 part
neatsfoot oil and 3 parts castor oil.

Nothing should ever be put on a belt except some-
thing that will keep it clean, soft, pliable, etc. No rosin,
or like drying or sticky substance should ever be allowed
upon a belt, either alone, or in conection with other in-
gredients. But little should be put on at a time.

Fig. 97. A good hinge joint.

In dusty places nothing has yet been found that is
good for the belt that will prevent the belt from catching
the dust. In such places belts should be kept as clean as
possible by frequent wiping, and even with the best of
care they will have to be changed and thoroughly cleaned
frequently.

The best joint for a belt is the cemented joint. This
requires time to shave down properly, and about five
hours to set. Because it cannot be pressed like the rest
of the belt there will be some noise when this joint goes
over the pulley, but if properly done there will be no
jumping and the speed will be uniform.
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Lacing a Belt.

The worst joint is the ordinary laced joint. It has
the merit of being quickly made. Another method is the
“hinge plan” shown in Fig. 97. An important item
in this plan is good lace leather, which should be strong,
well tanned and uniform in thickness.

Annealed nickel wire makes a good belt lacing, or
what is better a composition wire made especially for this
purpose.

Number 18 wire will do for single 3-inch belts and
number 10 for double for 6 inch and above.

- A single row of holes are used, the holes being no
farther from the end than the thickness of belt and 34 inch
apart and should be cut with a 3-32 inch belt punch. Cut
depression on inside of belt for the wire. Commence lac-
ing at center by passing the ends of the wire through the
two center holes to the pulley side of the belt. The lac-
ing should be double on the pulley side; then lace each
way to the side, double lacing on the inside, drawing up
tightly all the time without kinks or crossing the wire.
When finished, flatten down with a hammer on some new
surface.

With a proper wire laced joint there is no jar.

There are various patent metallic fastenings, many of
them doing first-class service.

A good form of specifications for belt is as follows:

Specification for belt to be put on pulleys 10 feet and
9 feet 6 inches diameter and shaft centers 48 feet:

The belt shall be made from the centers of selected
hides, which shall be well seasoned and stretched, shall be
from pure oak-tanned leather.

The belt shall be 60 inches wide, shall be three ply,
made with running splice, shall have three centers on one
face and two on the other, and three in middle ply. No
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Belt Specifications.

center shall be longer than 54 inches. The beit shall be
made without filling, splits or rivets, and shall weigh when
finished 48 ounces to each square foot before any water-
proofing is applied.

When the hides are ready to make up the engineer
shall be notified in ample time and shall have the oppor-
tunity to examine the hides and also see the belt put to-
gether.

After putting together the belt shall be thoroughly
treated with a waterproof dressing acceptable to the en-
gineer.

The manufacturer shall furnish sample of belt he pro-
poses to furnish with his proposal. This sample shall be
12 inches square and shall show the texture, weight, etc.,
that are proposed, and the maker agrees that if the belt

- shall not, in every particular, be equal to the sample in
weight, texture, etc., and made according to specifications,
he will put the belt on the pulleys and allow it to be used
without charge until a suitable belt can be procured. The
sample of belt shall not be waterproofed.

The maker shall put the belt on the pulleys and shall
take it up once within one year if needed.
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Oils.
vV v v

In the early days tallow was the lubricant for the
cylinder, and there were many ingenious devices for feed-
ing it. The cup that gave the best satisfaction was one
having a bottom valve for adjusting the feed, a vent to
open when filling and a valve at the top under a small -
cup. This required the tallow to be “tried” out and kept
in a pot set where it would keep warm, so the cup could
be filled readily.

There was another cup that was filled with “leaf”
tallow, and the tallow was cooked out by the steam heat.
This plan had the merit of feeding slowly, but one hardly
knew when it began to feed or when it ended. Taken as
a lubricant alone, there is nothing superior to tallow. It
also has the merit of not being expensive. It has in its
composition, however, the animal stearic and oleac acids
that are set free by heat and change all inside steam sur-
faces into oxide of iron. A cylinder head made from
iron was very porous, and in a few years the acids from
the tallow had worked through these pores, making them
larger, until the steam leaked through so much that the
head was ruined.

There was also a sediment from the tallow, which,
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A Good Oi1l.

mixed. with the corroded iron, would form balls that
would sometimes clog the steam passages.

Neatsfoot and lard oils were used, and while not
forming the balls from sediment as much as tallow, they
would corrode about the same.

Sperm oil did very well, when genuine sperm could
be obtained, but the trouble with the fish oils of all kinds
was the amount of gum they would leave, requiring the
valves and piston to be all taken apart and cleaned once
in three or four months, and the piston follower bolts
that were broken were legion.

An engineer had had his trials with all these lubri-
cants, when one day an oil agent appeared who claimed
to have a new oil, made from petroleum with a slight
amount of animal oil, that would do better work than the
animal oils, would not gum or corrode, and would clean
out all the old oil. His story seemed so much like a fairy
tale, the engineer was not inclined to deal with him, but
he persisted in having a barrel sent for trial, and it was
thought an easy way to get rid of him.

When the engineer came to try the oil, he found the
agent had not overstated it, and it did elegant work.
After this oil had been introduced and it was found that
petroleum was a good cylinder lubricant, other manufac-
turers commenced producing oils from petroleum, the
systems and mixtures being different. Some attempted
to make cylinder oil from clear petroleum.

One day the treasurer came to the engineer and told
him there was an oil firm he would like to purchase from,
on account of the price of the goods and also for other
business reasons, and they were to send a barrel for trial.

After using the oil two or three days, the engineer
reported the oil fully equal to anything they had used.
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Oil Agents.

After two weeks he could not lubricate the valves, and
reported the manner in which the oil was working, but
said he could manage to use it up. The oil was a straight
petroleum ; a piece of tallow as large as a hen’s egg was
put in a quart, and it went all right. That proportion of
tallow will not show in the cylinder, but use one-half, and
the deposit in the cylinder will remind one of the old
days of tallow.

When trying different oils it was noticed that after a
good oil had been used for some time and a new oil was
put in, for a few days the new oil would work better, even
though it were an inferior oil. In two or three weeks
much larger quantities would be required. It is this
peculiarity that has been the undoing of many engineers
who have persisted in opposing a change in oils.

An oil agent would come along and want to sell a
cheaper oil for a cheaper price, but could not get the con-
sent of the engineer. The agent would then propose to
the manager that he deliver to the agent one of his empty
oil barrels and he would fill it with his oil, while the en-
gineer, knowing nothing of the trade, would suppose he
was using the same oil, and when asked by the manager
if the oil was still going all right would reply that it was,
This would be deemed proof that the engineer was
untruthful, and he would get his discharge. If an inferior
oil would always show up within a day or two, many an
engineer’s reputation would have been saved.

At the time the engineer tried the petroleum product
there were no lubricators and he had only an oil pump.
In a 28-inch cylinder he would put in about two table-
spoonfuls at one and one-half hour intervals. What
would be thought of oiling a cylinder in that manner and
quantity nowadays, when, if there is an oil pump on a
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Oil That Doesn’t Lubricate.

cylinder, the man running the engine will pump in a tea-
cupful every half hour in addition to the sight feed.

Shortly after the petroleum oils came in use, the
sight-feed lubricators came out. These made possible
constant and correct lubrication. Since then have come
the mechanical oil pumps, so that engineers can now take
their choice of a number of first-class devices.

The requisite for a cylinder oil is that it shall be suit-
ed to the temperature, the quality of the steam and the
weight of the parts to be lubricated. In the first place
the oil should be vaporized.

It will be noticed that when an oil requires large
quantities a large amount of the oil will be found in
the cylinder in the same condition that it was in before
using, while an oil that did efficient service none of it
would be found in the cylinder, except in the form of
milky water in low places.

The effects of it, however, could be plainly seen.
Should an oil not be of sufficient high-flash test, none of
it will be found in the cylinder, and the surfaces will
appear dry and devoid of lubrication. '

For high pressure and light pistons an oil having a
high fire test and medium body or viscosity is required,
while with low pressure and heavy pistons, a low fire
test and heavy body is required.

If an engineer has only the high fire test oil he can
sometimes make it right for the low-pressure cylinder by
the addition of ordinary lubricating oil, provided there be
sufficient animal oil compounded with the cylinder oil.
If not properly compounded, if he can get tallow that is
clean, he will find it of advantage to put in a tablespoonful
of that to a quart of his cylinder oil. This proportion of
tallow will have no ill effect in the cylinder.
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To Detect Alkali.

In some rare cases, where a high fire test oil is used
for high pressure and the body of the oil is so heavy that
it will not find its way under light-weight moving parts,
the addition of one-quarter of ordinary engine oil will
improve it.

For heavy weights and low pressure steam there
must be some animal oil. An indication of what this
animal oil is is shown by saponifying a sample. Take a
2-ounce bottle, fill half full of water and put in a stick of
caustic soda or potash or a little strong ammonia, and then
fill nearly full with the oil and shake it well. Petroleum
will not make soap, but animal oils will, so that the animal
oil will separate and leave the mineral oil intact, except
when compounded in special ways with neatsfoot oil,
when the whole of it, mineral oil and all, will thicken.

Neatsfoot oil will make a yellow soap, lard oil and
tallow a white soap, fish oils a little darker color than lard
oil. If you are buying a pure lard, sperm or any animal
oil, the saponifying test will indicate whether it is adulter-
ated with the cheaper mineral products

To detect acids or alkali in the oil, wash a sample of
oil with distilled water and draw off the water. Take a
piece of blue litmus paper and dip in the water, and if it
turns red there is acid in the water. If red litmus paper
turns blue, there is alkali.

Many engineers have a high regard for graphite and
have believed that if it were possible to suspend graphite
in oil so that it would feed in an ordinary lubricator with-
out clogging, it would be an ideal cylinder lubricant.

To suspend graphite in oil the question of gravity
comes in, and some oil or some substance must be used
that is heavier than graphite so that the graphite will float
in it. Will such a substance be a good cylinder oil?
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Viscosity.

Such a combination has been made and the floating of the
graphite is perfect.

I have mentioned viscosity in oils. It is generally sup-
posed to mean, body, or ability to withstand pressure, a
highly viscous oil may be valueless.

The test for viscosity is the length of time in seconds
it requires for a given quantity of oil to flow through
a given opening at a given temperature.

It is the length of time in seconds that it requires for
60 cubic centimeters of the oil at 212° to flow through
an opening of about 14",

An oil requiring 175 seconds would be 175 deg. vis-
cosity and one requiring 150 seconds would be 150
degrees viscosity.

There should be no pressure but its own weight.

The most viscous oil from petroleum is the tar resi-
due, of no value, while the least viscous is tallow, the
highest value as a lubricant known, so that viscosity is an
indication, not a proof.

One day an oil agent called on the engineer, but was
told that oil was out of date, that a graphite oil had been
procured and no more cylinder oil would be needed.

Said the agent: “What is the easiest running bearing
made? Is there any bearing that is less frictionless than
a ball bearing?” The engineer admitted there was none.

Said the agent: “It is the ball bearing that represents
the oil. Oil is made up of globules which roll like a ball
bearing. Graphite, to be of value, must be the flake
graphite. Flake graphite must cause sliding friction and
sliding friction will always be greater than rolling fric-
tion. Graphite may do good in filling up low places, but
as a lubricant it will not take the place of oil.”

The engineer went ahead and tried his graphite, and

213



Continuous Oiling.

while it fed perfectly it would not do the work of oil and
was abandoned. It appeared to work more like the cylin-
der oil that does not vaporize.

Machine oil ‘can be all mineral oil, and should be for
some places. Wherever the oil is in a case with mechan-
ism running in the same, should there be animal oil of any
kind compounded with the mineral, the animal oil or fats
will form an emulsion and soon get thick and unfit for use.
When oil is filtered and contirrually used it should be all
mineral.

The ideal oil is one that can be used in a hot room in
summer and will feed in exposed places in winter. This
kind is seldom found. There are many good oils that will -
feed in winter that become so light by warmth that they
are valueless in summer for heavy work, and the heavy
oil that is necessary for summer use will not feed in win-
ter. There are a few oils that can be used at any time.

With modern systems of catching oil it is possible to
keep a continuous stream of oil on the bearings, pipe the
drain to an oil filter, raise the oil to a distributing tank
and pipe from there to the different journals. Where
air pressure is at hand it makes a cheap and efficient meth-
od of raising the oil. There are many elaborate systems
for doing this. A simple way is to let the oil run into a
tank capable of holding sufficient pressure

Here the pipe to take out the oil extends to nearly
the bottom of tank and the air inlet opens at the top.
When air is turned on, the pressure on top of the oil forces -
it to a height due to the pressure. There should be two
tanks, so that the drain can be kept constant. The filter
can be below or above the engine, as most convenient.
Where air pressure is not convenient, a small pump can
be used and an attachment made to some part of engine.
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About Grease.

When a man is obliged to use an oil that thickens by
cold he will need to be careful of his drain pipes. These
pipes should not be less than 1 inch in diameter. In one
case a drain I inch in diameter that was laid on the floor
alongside the wheel pit the oil would not drain even when
the engine-room was warm. It was finally seen that the
air set in motion by the wheel was sufficiently cool to chill
the pipe, and it became necessary to put a box around the
pipe and a 4-inch steam pipe alongside the drain pipe.

Some engineers prefer grease because it is cleaner.
A few claim it is cheaper, but its advantage over oil is
problematical. Grease is made from horse oil; a better
grease is made from mule oil. Either has a terribly rank
smell, and to overcome this they are flavored with oil of
mervane, which drowns the bad smell and gives the
grease the flavor of a peach pit.

To be of value oil must be manufactured from good
stock and by those that understand the business. A first-
class cylinder stock just mixed with a lighter oil will not
give the results required unless it be put together in
proper form.

A good test for oil is to make a bearing for the
largest shaft available and line it with babbitt metal. On
top of this bearing put a hole for an oil cup and another
hole extending through top and nearly through the bab-
- bitt, so that it will come to within 3-16 inch of the shaft.
This is for a thermometer. Arrange a clamp of wood
or iron like Fig. 98, with a weight at the end of the lever.
When oil is to be tried, set the oil to feeding and tighten
bolts so as to just balance the weight. The oil should
have a determined length of time to flow, say one-half
hour or one hour. . Several trials should be made with a
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Testing Oil.

standard oil, so as to be accustomed to its use, before try-
ing oil for comparison.

A heavy oil should not be fed as many drops per min-
ute as a light oil, as there is more oil in a drop of the
heavy than in the light.

After becoming accustomed to the machine so as to
feed the proper amount, the thermometer will indicate
which has the best lubricating properties.

A straight, clean mineral oil can be filtered continu-
ously, and care should be used to save all oil by proper

[JTHERMOMETER

\

Fig. ¢8. Oil testing device.

guards and pans, and but a small amount of new oil need
be used. With a good filter, filtered oil will cool a hot
journal more quickly than new oil.

For shafting, ring oiling bearings should be used,
and the rings should be solid and not less than 14 inch in
width. Rings made from half-round material, bent into
a circle and the ends not closed together securely are liable
to get out of shape, the ends catch and the feed be stopped.
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Oiling Bearings.

It is not a bad idea to have pockets on the outside of
the ring, but these pockets should be smooth on the out-
side and should not project beyond a true circle, as oth-
erwise they might catch and stop the ring.

The thrust rings should aways be in the center of
the bearing and the groove should be lined with babbitt.
At each end of bearing should be a small collar turned to
a sharp edge. This will throw off all oil and prevent it
running along the shaft. The babbitt wipers usually used
for this purpose do not do the work satisfactorily, and
there is a waste of oil as well as an untidy looking shaft
and floor. . o

The oil cellars should be of ample size. For a 5-inch
shaft, they should be not less than 2 quarts capacity, and
would be still better if they held a gallon.

A few engine builders are getting. to building ring
or chain oiling bearings for the engine shaft. This, when
universal, will be a great improvement.

For oiling crosshead pins the telescope oiling device
is a neat thing, as it places the oil cup where it can be
filled and adjusted at any time, and there is not the spat-
tering of oil as with the wiper. It also works nicely on
the eccentrics.
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Cleaning,
vVYyy

Should any part of the machinery get covered with
gum, use a strong solution of potash. This can be ap-
plied with a piece of waste wrapped around a stick. If
the metal is cold it will not be discolored, but if hot, the
metal will be blue. A strong ammonia will do the same
thing. The work fneeds polishing afterwards in either
case. For this purpose, when cold, get a pepper box and
use Rosedale cement on a wet rag. The moisture soon
dries out, and thé dry cement can be easily wiped off,
leaving the work thoroughly clean. As the metal is clean
it will rust quickly should it be exposed to dampness.

When cleaning an engine, after it is wiped as clean
as possible with waste, a little of this dry cement on a
piece of waste will remove the- last vestige of oil and
leave the work clean and bright. For this latter work
rotten stone is better., Use care not to get any of either
on the bearings.

Some engineers like their bright work burnished.
Those who have the time and inclination can do this as
follows: If the finish on the engine is rough, use coarse
emery cloth to bring the surface down level and finish
with fine. Take a drill rod and heat it to a mild cherry
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Cleaning Solutions.

red and dip it in water. Do not draw the temper. Polish
the rod with the fine emery and then draw the rod at right
angle over the work, using considerable pressure. When
the engine is wiped, use a fine powder like rotten stone.
Be careful about the bearings.

For ‘cleaning the brasses around the pins, rub with
waste until bright. This requires some time at first.
After they are once bright it is easy to keep them so.

Oil is good to clean off fresh tarnish, and if the
oil is wiped off every day and then a piece of clean waste
used to wipe dry and clean, the brass can be made to
shine all the time, without the use of any powder or
cleaner, and no harm done to the pins. Brass oil cups
can be treated in the same manner.

In the days when the dome, sand box and wagon top
of a locomotive was covered with brass, as a general
thing the firemen had nothing but Rosedale cement to
clean with. This was put on with oil to scour the tar-
nish off and then the polishing was done with dry
cement.

The firemen learned that a solution of oxalic acid
would remove the tarnish and then the scouring was
easy. Some firemen used to get spermaceatic candles,
rub the brass over and let it stand a few hours, or over
night, when it could be wiped off and the brass was clean.

Since that time a number of polishing pastes have
come into use. They require but little labor, leave the
brass a nice color, and are also good to clean the hot
ironwork. Tripoli is one of the best.

Paint work should be wiped clean every day, paying
particular attention to the corners. An engineer’s thor-
oughness can be told by looking at the corners. On work
that has not been cleaned for a few days, and also on
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Leaving a Film of Oil.

work where the varnish is getting thin, take a piece of
waste, get it wet through and squeeze out most of the
water and put on some engine oil, about the same quan-
tity as there is water. Wipe the work over with this.
In the case of considerable dirt, it should be rubbed until
thoroughly clean. It is a good idea to wipe off after-
wards with clean waste, especially if the surface was
dirty. This leaves just a very thin film of oil, the paint
is clean and the work looks nearly like new varnish
work. This is a neat way of caring for work that is
exposed to the weather.



Notes, Rules and Tables.
vVvYy

One H. P. is 33,000 pounds raised one foot high in
one minute, or 33,000 foot pounds per minute.

A heat unit or H. U. or British thermal unit or B.
T. U. is the heat required to raise one pound of water
at 39.1° one degree.

According to Joule’s experiments 1 heat unit was
equal to 772 foot pounds, but further experiments have
demonstrated that one heat unit is equal to 778 foot
pounds, 33,000 foot pounds per minute divided by 778 =
42.62 heat units per H. P. per minute, or 42.62 X 60 =
2557.20 heat units per hour.

A pound of carbon contains 14,500 H. U. A pound
of coal having 10% of ash will have remaining 13,050
H. U. :

A good boiler with a good fireman should get 75%
of this into steam, which allows 8% for radiation and
losses from air leaks, etc., and 17% loss of heat in gases
going up the chimney, which leaves 9787.5 H. U. in
steam per pound coal. Of this, 2257.20 is converted into
work, the remainder, or 7230.30, going out in the exhaust.

This is providing that 1 pound coal produces 1 H. P.
If it requires 2 pounds, then the total H. U. will be
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Keep the Boiler Clean.

9787.5 X 2 = 19575 — 2557.2 = 17017.8 H. U. going
out in the exhaust.

As the H. U. in 1 pound coal with 10% of ash is
13050, this number divided by 2557.20 = 5.1 H. P. that
would be obtained with one pound coal, if all the heat
could be converted into work, or if the heat put into
steam, 9787.5 H. U. could be converted into work, it
would make

9787.5
= 3.86 H. P. per pound coal.

2557.2

The efficiency of the boiler will depend upon the
ease with which it can be kept clean, the tightness of its
setting in preventing air leaks, the thinness of the heating
surface, the draft and the circulation.

The latter point is very important. The greater
the difference in temperature between the water within
the boiler and the fire the more rapid the absorption of
heat. The more rapid the water flows over the heating
surface bringing fresh water into contact, the greater
will be this difference, and the more rapid the move-
ment of the water the easier will be the disengagement
of the steam.

Wrought iron expands 1-150000 of an inch per inch
for each degree.

A pipe 300 feet long and 150 lbs. pressure would
expand as follows: 300 ft. is 3600 inches. Temperature
of room 80°. Temperature of steam at 150 lbs. pressure
366° less the 80° = 286° difference in temperature of

3600 X 286
pipe. —————=6.86 inches the pipe would expand.
150000
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Standards ot Pressure.

All pressures are measured or standardized by the
weight of mercury.

The atmosphere sustains mercury 30” high.

One’cubic inch of mercury weighs .49 of a pound.
30 X 49 = 14.7. )

Weight of water.

A pressure of one pound is exerted per square inch
by a column of water 2.3093" high, and one atmosphere,
or 14.7 pounds, by a column 33.947 high.

The pressure multiplied by 2.3093 will give the
height of a column of water due to that pressure.

A column 1’ high has a pressure of .433 pounds.
Height, multiplied by .433 equals the pressure,

The efficiency of an engine depends upon the small
amount of heat required to do a certain amount of work.

" The engine that has the lowest terminal pressure
- in proportion to the mean effective pressure will require
the least heat, or, put in another way, the lowest amount
of heat will go out in the exhaust.

An engine that requires a large amount of com-
pression to secure quiet running will have a rounded cut-
off corner on the diagram, and this, together with the
compression, will make the terminal pressure higher.

An engine having a slow piston speed will condense
a large amount of steam when it enters the cylinder, and
this will be re-evaporated towards the end, bringing the
terminal pressure high.

Too slow piston speed will give too much time for
a cylinder to cool off and cause cylinder condensation,
with consequent re-evaporation.

Should we wish to get a high piston speed we have
the problem of rotation speed to contend with.

To get a piston speed of 800 per minute we can
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About Clearance.

build an engine with 6’ stroke and 66 revolutions. This
number of revolutions will require no more compression
than is necessary to lap the exhaust valves to have them
seated properly when the steam valves open, the indicator
card will show nearly square corners all around, which
will be the theoretic and practical card for economy.

Should we conclude that this stroke is too long, we
can divide it by 4, making it 18" stroke and a rotative
speed of 266 revolutions. The piston speed is the same,
but the compression required will increase as the square
of the number of the revolutions, the card from the
engine’ will have round corners and the terminal pressure
will be higher,

Clearance plays an important part.

Clearance is that portion that exists between the
piston and cylinder head, between the valves and cylinder
in the steam parts and in any depressions in the piston
or heads.

The clearance spaces are filled with steam at each
stroke and are emptied, doing only the work that the
steam in them expands, and are finally emptied, the unex-
‘panded portion doing no work. The effect is to increase
" the terminal pressure.

The clearance spaces are filled and emptied at each
stroke.

The shorter the stroke the greater the percentage
of clearance.

The nearer the valve is to the cylinder, and the
shorter and smaller the port, provided it is of ample area
for the passage of the steam, the less will be the clear-
ance, which is the reason for the four-valve engine.

The quicker the cut-off valve closes, the sharper

will be the cut-off and the lower will be the terminal
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Compression—Lap—Lead.

pressure. _

The terminal pressure will be the lowest in pro-
portion to the mean effective pressure when the engine
is cutting off at about 14 stroke, so that an engine loaded
to that amount will be at its most economical load.

Compression is the vapor enclosed within the cylin-
der by the closing of the exhaust valve before the crank
reaches the center. _

Its object is to absorb the inertia of the moving
parts gradually and allow them to come to a state of
rest without jar.

Lap of a valve is the amount that the valve travels
beyond the port more than is necessary to cover the
same. Its office is to cover the port, or space beyond,
sufficiently to insure tightness, and in a steam valve to
provide for cutting off the steam.

In an exhaust valve, to give compression.

Lead is the amount the valve opens before the
crank reaches the center.

Pre-release is sometimes applied to the exhaust valve
and is the same thmg as lead on the steam valve.

An eccentric is a wheel placed off the center, and i is
used to be placed on a shaft to give motion to the
valves of an engine.

The distance it will move a rod or valve is the
extreme movement between the distance of its circum-
ference on both sides of the shaft, and is termed the
throw of the eccentric. .

The travel of the valve is the total distance the
valve moves. .

If the eccentric rod be attached direct to valve the
throw of eccentric and travel of valve will be the same.

The travel of the valve should be the width of the
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Selecting Size of Feed Pump.

port and the lap.

When it is desired to give a greater ‘travel of the
valve than the throw of the eccentric, a rocker arm is
placed between, and by attaching the valve rod at a
greater distance from the center than the eccentric rod
the valve travel is lengthened.

In the Corliss type, the rapidity of opening and clos-
ing the valves is increased by the use of a wrist plate.

To determine the size of pump for a set of boilers.

A boiler H.P. is 30 pounds of water evaporated per
hour, but it should be capable of evaporating 45 if a call
for that should arise.

Find the total amount that would be evaporated
by the boiler, or set of boilers, per hour, and divide by
60, which gives the amount per minute. Divide this
by 8.33, which reduces the pounds to gallons. Multiply
this by 231 will give the amount in cubic inches.

A pump should not exceed a piston speed of 100" per
minute. Multiplying 100 X 12 = 1200” piston speed.®
Divide the cubic inches by 1200 gives the area of
piston. To get the diameter extract the square root or
find the diameter from a table of areas.

If we have 1000 H.P. and allow for a possible evap-
oration of 45 pounds per H.P., 1000 X 45 = 45000

45000 750

pounds. = 750 pounds per minute. s = go
-33
.. 20790 "
gallons. 9o X 231 = 20790 cubic in. = 17.2
1200

area of piston, or 5" diam.
There should be at least 10% allowed for slip and
for duplex pump it would not be unwise to allow 20%.
To determine how much water a pump will deliver,
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“Powers” Rule for Pumps.

multiply the area of the cylinder in inches by the stroke
in inches and by the number of strokes per minute.
This gives the cubic inch capacity. Divide this by 231
gives the number of gallons. Gallons multiplied by 8.33
equals the pounds, and by 60 gives the pounds per hour.
Deduct the percentage for slip.

To determine the power, multiply the area by the
pressure of water and the speed of the piston, allow
20% for friction, etc., and divide by 33000.

“Power” gives the rule. Multiply the number of
gallons by 15 times the elevation and divide by 33000
will give the H.P.

To find the H.P. of a boiler from the heating sur-
face, allow 12 square feet of heating surface for a
tubular boiler and 10 square feet for a water tube.

In a recent catalog of a well-known maker of engineer-
ing specialties the writer noticed the following approxi-
mate rules for calculating the horse-power of various
kinds of boilers. The rules are intended for use in deter-
mining the proper sizes of injectors and other apparatus
when the exact dimensions or heating surface of the boil-
er is unknown or hard to obtain: -

Kind H. P.
Horizontal Tubular = Dia2 X Length = 5
Vertical “ = Dia.2 X Height + 4
Flue Boilers ..... = Dia. X Length + 3

Locomotive Type.. = Dia. of Waist? X
Length over all = 6.

All dimensions to be in feet.

In the first and third cases the length is the length of
the tubes or that of a “flush-head” boiler and does not
include the extended smoke-box. In the second case, the
height is that of a plain vertical boiler in which the upper
part of the tubes is above the water line; it is not the
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Boiler Ratings.

height of a boiler with submerged tubes.

The extreme simplicity of the rules aroused curiosity
as to their accuracy and comparisons were made between
manufacturers’ ratings and ratings calculated by the
formulas above. The results are given below. They
agree very closely, except in a few of the larger sizes of
tubular boilers, where the calculated rating falls below
that of the manufacturer. And in these sizes it will be
noticed that the heating surface per horse-power is less
than in the smaller sizes where the two ratings practically
agree.

It is quite possible that the ratings of other manufac-
turers would show a better or worse agreement. In any
event, the rules prove to be valuable for just what is in-
tended and will save considerable trouble in measuring
up and calculating the power of existing boilers when
ordering injectors, feed pumps, and the like.

The ratio of grate surface to heating surface varies
from I to 40, to I to 60. At 3 pounds of coal per H.P.
and ratio, I to 40, the amount of coal burned per square
foot of grate will be 12 pounds, while with a ratio of 1 to
60 the consumption will be 19 pounds coal per square
foot of grate.

To find the contents of a shell boiler, multiply the
area of the head in inches, less the area of all the tubes
in inches by the length of the shell in inches. This gives
the total capacity of the boiler. From this we must
substract that portion not filled, or the segment of the
circle.

There are a number of short rules that are only
approximate.

To find the area of the segment of a circle, we first
find the area of sector of a circle. ‘
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Calculating Steam Room.

The length of the arc of a circle—chord of whole
arc is 8 times the chord of half the arc, and taking 14 of
the remainder.

The area of the sector of a circle equals length of
arc X Y% the radius.

Area oi segment of circle—area of sector of circle—
area of triangle when segment is less than a semi- circle.

A boiler 72" diameter filled to within 18" of top
will have the dimensions of cut, the radius being 36",
the chord of whole arc 63" and chord of half the arc

Fig. 99. Boiler calculations.

36”. The two sides of triangular arc 36” and base 63.

From the above rule.

8 X 36 — 63 = 225. One-third of this is 75 X 18
(%5 the radius of the circle) = 1350.

The area of the triangle is found by addlng the
three sides together and dividing by 2. From the half
sum subtract each side separately; multiply the half
sum and the three remainders continuously together;

take the square root of the product.
135

The three sides, 36, 36, 63. 36+ 36+ 63 = -—2—
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How it is Figured.

=67.5 and 67.5—36=231.5; 67.5—63=4.5. And
31.5 X 67.5 X 31.5 X 4.5 = 301388 -and the square root
549. 1350 — 549 = 801 square inches, area of segment.

Another short method is to take the chord of the
arc and versed sine, or the rise only.

To 24 of the product of the chord A. B. and rise
C. D. of the segment, add the cube of the rise, divided
by twice the chord; the remainder is the area nearly.

63 X 18 = 1134 X % = 756.
5832

18 X 18 X 18 = 5832. 63 X 2 =125, —28_—_—46
1
756 + 46 = 802 sq. in. area.

To get at the principle requires use of the higher
mathematics.

With a copy of Trautwine’s tables the result can be
obtained accurately with but few figures.

Divide the rise by diameter of circle. In the table
find a number opposite the quotient and multiply this
number by the square of the diameter.

18

— =.25. In the table opposite. ‘25 is the number

72
.153546. 72 squared = 5184. 153546 X 5184 =
795.98 area. This is the accurate area.

From the same arc can be found the radius of a
circle. : :

Add the square of half the chord A. B. to the
square of the rise C. D. and divide by twice the rise,
gives the radius of the circle.

This applies to a railroad curve or the arc of a
pulley.

Should the occasion arise, where the distance from
center to circumference cannot be found, stretch a line
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Area of Tubes.

across the corcumference at any point and measure from
center of line to circumference.
The usual rule to apply for boiler braces is to allow
| 2" space around the head and tubes that do not need
bracing.
To find the area for the braces, find the area of
segment of the space above the tubes and subtract the 2”.

2
N/

| S '.-———”

Fig. 100. Showing area of inches. Pig. 101. '

. The area of a circle is .7854 of the square of the
diameter. Fig. 101.
Doubling the diameter increases the area four times,
as shown in Fig. 100.
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Real Boiler Economy.
vVVvyy

When filling a boiler or emptying it without pressure,
there should be a vent. Mr. P. H. Bullock puts a check
in a vertical pipe 34 inch in diameter, the check opening
in. When there is no pressure, the check is always open
and prevents a vacuum in the boiler when water is run-
ning out, and will let air out when water is running in.
It will close itself when steam is raised to about 2 pounds.

When economy, ease of taking care, first cost, etc.,
are concerned, it is a difficult matter to beat a tubular
boiler. When it comes to space occupied, long life, high
pressure and large units, it is of necessity supplanted by
the-water tube. The water tube, correctly designed and
honestly built, is also much safer than the tubular,

Where the tubes are put into manifolds, or headers,
and suspended from the drums by short tubes, these short
tubes should be two sizes heavier than the tubes in boiler.

For instance, a 4-inch tube is made from No. 10
metal, and the short tubes should be No. 8. All of them
should be full size in the thinnest part, and should be
made from wrought iron.

Grates under a boiler should last as long as the
boiler, and this can only be done by keeping them cool.

When a fire is cleaned by shutting the ash pit doors
the grates become red hot. This will be more effectually
done if the ash and small coal be left in the ash pit, espe-
cially at night. When iron is heated to a red heat the
grain becomes coarser under expansion and does not
return to its original size when cooled. This process con-
tinued causes the iron to swell in places where the heat
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About Grate Bars.

has been most intense and distortion occurs, bringing
some portion up into the fire and the grates then go
pretty fast.

It is the better plan to have the ash pit made with a
place to hold water 8” to 10” deep and keep water in it
during the time there is fire on the grate

>>>>>>>>>>>>>>>>>

Fig. 102, Forms of grate bars. -

The ash pit doors should not be closed so long as
there is fire on the grates, and the regulation should all
be done by damper in the flues.

It is sometimes necessary to take the ash pit doors
off when the firemen persist in closing them.

There are numerous forms of grate bars, but the
form shown at A4, Fig. 102, will give the best distribution
of air, while that at B will come next. Either of these
types can be made lighter, and a furnace full will cost less
than with a straight bar.

Bars set with the rear end raised or lowered will give
better results than if placed level.

Shaking grates are of service only for relieving the
finer ash, while they are valueless for removing clinker
and the coarser ash. The better grate is that made after
the plan of 4 and put in with front and rear sections,
so that the front or rear can be dumped separately.

A soft patch for a boiler is a patch made to fit, and
either lead putty with iron borings or some form of
sheet packing put under to make a joint after the man-
ner of making a flange joint, and the patch is screwed
up with counter-sunk bolts. Generally the piece of boiler
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Boiler Patches.

is not cut, which leaves two thicknesses of iron, so that
that nearest the fire, not being protected by water, is
burned.

A hard patch is a patch where the iron is cut out of
the boiler, a piece fitted to cover it, holes drilled and
riveted on, chipped and caulked and made tight.

The soft patch is liable to get to leaking and is dan-
gerous. The hard patch is safe, although over the fire
it would be better to put in a new fire sheet entire to
avoid a double thickness and rivets where the fire is
intense. '

Drilled holes are better than punched, because the
fiber of the iron is not disturbed as in punching.

Laying out Gaskets.

To lay out a gasket for the regular shaped manhole
or handhole, find the length of the plate and divide it by
three. On the line 4 B and with 14 as radius and with
centers at C and D lay off the two circles.

Should the length be 15", set the dividers at 5” and
lay off the two circles. Then with the center at E lay off
the arc G, and with the center at the intersection of the
circles at F lay off the arc H. With the same centers the
outside circle can be laid out. This will make a regular
11"x15” gasket.

There will sometimes be found a plate, where, instead
of the small arcs G. and H, there will be a straight line
drawn from the same points.

Foaming.

Foaming is the raising of the water with the steam.
It is caused by grease or dirt that prevents a free sep-
aration of the steam. In one case where the engineer
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Foaming Boilers.

Pig. 103. Laying out a Gasket.

had not kept his boiler clean there was a large amount
of deposit. It became necessary to raise the front end

‘three inches and this changed the circulation within the

boiler and stirred up the deposit so much as to set up a
dangerous foaming until the boiler was cleaned.

Soap, or any substance like an alkaline boiler com-
pound when grease is present, salt water put into fresh
water, too little steam room or not sufficient area at top
of water, or a strong draft of steam that causes the
water to raise, will produce foaming.

It is dangerous by drawing too much water from
boiler and also by getting water into the engine which
washes off the oil and may break something.

Boiler Braces.

There are two general forms of braces—the crow-
foot, where both ends are riveted to the boiler, and the
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Boiler Braces.

angle. In the latter there are a pair of angles riveted to
head the entire length, and the braces are held to the
angles with a tapered pin.

Crow Foot Bra

Fig. 104. Buviler braces.

Pumps.

With a non-condensing engine exhausting through
a heater it is the more economical to feed water to boiler
with a power pump. With a condensing engine or a
number of engines the steam pump exhausting through
a heater not connected with the engines will be the more
economical.

The amount of heat converted into work in moving
the plungers will be the same in each case, and the heat

33000
at 1 H. U.= 778 foot Ibs. =-—8 X 60 = 2557 H., U.
77

per hour per H. P. for driving pump.
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Steam Pumps.

The main engine driving the pump and using 1%
Ibs. of coal per H. P. will, with g8oo H. U. per 1b,,
9800

4900
delivered into the steam, means that — — 2557 =

14,700

12,443 H. U. per H. P. are loaded on to the condenser
and goes out in the discharge and lost. If the pump were
driven direct by steam there would be the same amount
of heat converted into work, and while the amount of
steam required to drive the pump would be more, all the
waste heat going into the heater would heat the feed
water and all waste heat would return to boiler.

A steam pump is elastic and can be run at any speed
to keep the feed regular.

A power pump runs at one speed and must feed the
boiler too fast and have the water shut off a portion of
the time or there must be a relief valve to waste water
through after it has been pumped to a high pressure.

A duplex pump will be easier on piping, etc., than
a single pump.

A pump may give trouble from a leak in suction
pipe; from a strainer becoming clogged; from the piston
packing leaking; from a valve breaking through, or from
a portion of the pump filling with air.

A leak in suction will be known from there beinig
larger quantities of air. A clogged strainer from there
not being a sufficient amount of water to fill the pump.

An air chamber of ample size should be put in the
suction of a pump, as shown in Fig. 105, so that the cur-
rent of water will flow direct to it. An air chamber put on
as indicated by the dotted lines is of no value,.

A check valve should be put in the discharge of a
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Air Bound Pumps.

pump, and an air or vent valve at the top of pipe between
it and the pump. This valve should never be less than
14 inch, and for large pumps much larger.

When a pump gets air-bound it can be quickly
relieved. A man tried to syphon spring water over a hill
to his house, and the water would flow but a short time.

Py

/

’

e ———————————
| T ———_

——

Fig. 10s. Air chamber on suction end of pump.

He then put a chamber at the extreme high point for the
accumulation of air with a valve to shut the chamber off
from the pipe and means to refill it with water driving
out the air. This helped matters, but did not insure a
constant operation. The pipe was 2-inch. He took out
the 2-inch on the downhill side and put in 214-inch, and
had no further trouble,

Injectors should be used where heaters are not avail-
able and are valuable on locomotives, traction and port-
able engines. All of the heat for driving them is
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Injectors.

returned to the boiler, but they use live steam for all
this work.

Where a heater can be used they are valuable only
as auxiliary for a cheap substitute when the pump is
broken. It is the better plan to install two pumps.

The injector must have supply not to exceed 110°.
Some will raise their water by suction 15’, while others
will raise it but a short distance.

The principle reasons for their not working is get-
ting hot (as they must be sufficiently cool to condense
the steam). To be sure of this, the water supply must
not be too warm ; it must be ample and unobstructed, and
the strainer must be sufficient to prevent the entrance of
anything that will clog the small ports. The check
valves may stick, and the inner tubes will wear large and
require removal. The better plan is to have the printed
directions of the builder on hand if possible. Also do not
put an ell or turn within two feet in the discharge line.

A leaky piston can be detected by the noise of a
leak through both strokes; a leak through one valve
by a noise on one end. If a pump is air bound it can
be told by opening the vent cock in valve chamber; also
there will be a jerky motion of the plunger, caused by
the pump cylinder being partially fiiled with air.,

All pumps should have a check and stop valve in
the discharge and a vent not less than 34".

When the pump gets air sufficient to cause trouble
the quickest method to get rid of it is to stop the pump,
open the vent, and as soon as the water is out the air
will follow. Leave the vent open for a few strokes.

In the smaller sizes of duplex pumps, where both
cylinders are cast together and one plate extends over
both heads, it sometimes happens that the gasket in the
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Duplex Pump Valves.

partition between the two cylinders gives out, allowing
the contents of one cylinder to blow through into the
other. This may happen on either end. A duplex pump
may sometimes refuse to work from improperly set
valves.

To set the valves of a duplex pump place the pistons
at center of stroke; place the valves at center of travel.
The valve stems have a little play in the valve and this
play should also be set central.

With a single cylinder pump it may refuse to work
from the supplemental piston on top sticking from want
of oil or from dirt, or when new from tize piston valve
expanding before the chest gets hot, or tfrom some of the
small parts getting stopped up.

When high pressures are used and cold water,
medium hard rubber should be used. for water end.
When pumping hot water, hard valves should be used
and the pump placed below the supply.

Heaters.

Heaters are of different designs, one being a coil
through which the water passes the entire length, the |
steam being on the outside.

The claim for this type is that the water travels so
far, all the time changing direction and all of the water
is exposed to the heat. With this type there is no reser-
voir and no space for deposit of sediment.

Another type has the steam passing through the
tubes, the water being enclosed in a shell outside the
tubes. In some cases the tubes are expanded into two
heads, one of the heads being constructed so as to allow
for expansion. In some types the tubés are corrugated,
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Using Waste Heat.

and in others the tubes are bent into U shape to allow
for expansion.

This type has a reservoir and a space for deposit for
sediment but has the drawback where the shells are made
from rolled metal that the metal will pit at lower portion
of shell where the water is simply warm and no cir-
culation. " :

In the open type the water is sprayed over and
brought in direct contact with the steam.

This type requires watchfulness, will get the water
nearly as hot as the steam, will deposit a large per cent.
of the impurities in the water; but care is necessary all
of the time to prevent the oil getting into the boilers.

Economizers.

An economizer is composed of cast iron tubes forced
into headers, these headers connected together. Outside
these tubes are scrapers being continually moved up and -
down, thus keeping the surface clean from the soot.
These economizers are placed in flue from  boiler to
stack and absorb a portion of the heat from the flue gases.

From whatever source the feed water absorbs waste
heat, for every 10° the economy in fuel will be practically
1%. A good heater with sufficient exhaust at pressure
of the atmosphere will heat the feed water to 200 to
210°. An economizer will add about 100° more.

The effect of an economizer in a flue is to reduce
the temperature of the flue gases, and as the- tempera-
ture is reduced the draft will be reduced so that where
economizers are used the chimney should be higher.
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Steam Gauge.

The spring in a steam gauge is a flat tube and is
constructed on the principle that “a thin elliptical metal
tube if bent into a coil will seek to coil or uncoil itself as
subjected to external or internal pressure.” A steam
gauge should have a coil, bend or some provision to
retain water directly under it, so that steam or heat shall
be kept from the spring, as heat would expand it and
show false,

The spring is connected to pointer by lever and
gears. The spring should move but a short distance, as
there is a tendency for these tubes to “set” when their
traverse is long, and when there comes a permanent “set”
a new spring and dial is required.

Rope and Pulleys.

When a rope is put over one pulley the weight will
be raised at the same speed as the power at the other end,
and power and weight will be equal except the friction.

When another pulley is added the speed of the
_weight or resistance will be one-half that of the power
applied and double the weight can be moved at 5 the
former speed, and for every pulley added the speed will
be reduced and greater resistance overcome. This is the
“law of movable pulleys.” The same law applies to the
lever and wedge.

Safety Valves.

To find weight to put on safety valve lever, let A
represent area X pressure; | represent ” length of lever
from fulcrum to center of valve; L, length of lever from
fulcrum to weight; W, weight.
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Safety Valve Calculations.

aX1

L
This rule does not include the weight of lever and
valve and would slightly overload the valve.
Let L = length of lever from fulcrum to weight.
L’ = length of lever from fulcrum to center of

Then W =

valve.
- z47
8"—j :
20" ->
©
1 90 Ibs p.

Fig. 106, Safety valve calculations.

L"” = length of lever from fulcrum to center of
gravity.

W = weight in pounds.

w = weight of lever.

w’ = weight of valve,

a = area of valve.

p = pressure of steam.

a X p— (ZF +w) XL/

1. Then, W=

L .
2. Weight of a cubic inch of cast iron is .2607.
Cubic inch of wrought iron, .2816.
Let L = length of lever from fulcrum to weight 34",
L’ = length of lever from fulcrum to center of
valve 8",
L” = length of lever from fulcrum to center of
gravity 20", ’
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How It Is Done.

w = weight of lever, 10 Ibs..
w’ = weight of valve, 6 Ibs.
a = area of valve, 1214 lbs.

p = pressure in boiler, go Ibs.
W = weight to be found.

The center of gravity of lever is the point where
it would balance and is near the center depending upon
the amount of taper.

12} X 90 —(2-X2 +6) X 8
Then

34
200

IOX20=?—=25+6=31

90
12Y4

1080
45

1125
31

1094
g

—

34)8752(257 Ibs. weight
68

195
170

252 :
257 . J. W. Hi.
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Pop Valves.

To change the pressure on spring safety valves,
known as “pop” valves, remove the lock-up cap and
slacken check nut.

To increase the pressure, turn the compression to
the left, or down, about one square of the nut for each five
pounds pressure. Then secure the check nut and let the
valve blow. Note if the pressure is reduced too much
after the valve “pops.”

A “pop” valve is made with the regular conical valve
and outside of this is a lip with sharp edge nearly seating
on a movable plate. When the valve commences to blow
a small amount will pass out under this lip, but as the
amount increases it is retained by this lip and the extra
pressure under the increased area causes the valve to
“pop” or open fully at once.

From the outside case is a place to reach the plate,
or movable ring, generally by removing a plug. After
screwing down on the valve and the pressure is reduced
too much, insert a pointed instrument and turn this mov-
able ring down three or four notches and let it blow, and
repeat until the seating is right. If it seats quickly and
the pressure rises too much before it “pops,” screw the
ring in the opposite direction.

Should it be necessary to reduce the pressure, pro-
ceed in the opposite manner.

Fly Wheels.'

In fly wheel rims, for a given material there is a
definite speed at which disruption will occur, regardless
of the amount of material used.
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Fly Wheel Problems.

This is expressed by the following formula:

V =1.6 V=% in which V is the velocity of rim in
feet per second at which disruption will occur, w the
weight of a cubic inch of material used, and s the tensile
strength of one square inch.

The formula means that if we divide the tensile
strength of the material by its weight per cubic inch,
extract the square root of the quotient and then multiply
by 1.6 the result will be the speed in feet per second.

Instead of the ultimate strength let us take the safe
strength.

Cast iron in large castings could be depended upon
for a tensile strength of 10,000 lbs., and with a factor of
safety of 10 would give us 1000 Ibs. per square inch. The
weight of a cubic inch of cast iron is .26 of a Ib., so that
we have for solid cast iron rims V = 1.6 v
= 100 feet per second.

This corresponds to 1.15 miles per minute. There
will probably be some shrinkage strains, so that it is con-
sidered good practice not to run them faster than a mile
a minute.

With jointed rims and joints between the arms it is
not considered possible to make a joint to exceed one-
fourth the strength of a solid rim.

With steel having a tensile strength of 60,000 Ibs.,
or a safe strength of 6000 and weighing .28 Ibs. per cubic
inch, we have V = 1.6 V%2 = 146 feet per second, or
1.66 miles per minute.

Hard maple has a tensile strength of 10,500 lbs. It
is made up in segments so that a factor of safety of 20 is
taken, and the weight is .0283 per cubic inch. V = 1.6
v %35 = 1.54 ft. per second, or 1.75 miles per minute,

W. H. BoerM.
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Right Angle Triangle.

When it is necessary to determine a right angle a
distance can be measured off in one direction of 6 feet
and another of 8 feet, and from these two points the dis-
tance should be 10 feet.

8

8X8=64

6X6=36
64+36=100

V100 = 10

Fig. 107. Right angle triangle,

The cut shows the dimensions and method of finding
the third side. Multiply each of the two sides by them-
selves, add the products together and extract the square
root.

Facts About Steam.

Flow of steam in pipes should not exceed 100 ft. per
second, or 6000 ft. per minute.

At sea level fresh water boils at 212°. For each
degree less estimate the elevation at 550 ft.
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Cylinder Pressure.

Discharge of steam through pipes. Trial made at
Novelty Iron Works. H. P. at 80 lbs. steam.

1” pipe 140 H. P.

I % ” [ 2 I 4 143

b % 14 @ 3 1 5 [{3

2II “@ 5& 6

zyz" [{3 87 5 (13

Cylinder Pressure.

To find average mean pressure in cylinder by cal-
culation when cut-off is known:
Divide initial pressure by ratio of expansion and
multiply by hyperbolic logarithm increased by 1
With 100 pounds initial pressure and cutting off at
14 of the stroke, the ratio will be 4 and the hyperbolic
logarithm 1.386.
100
— =25 1.386 + 1 = 2.386.

4

2.386 X 25 = 59.65 Ibs., mean effective pressure.

The above does not take account of the loss from back
pressure, compression, lowering of steam line or rounded
corner at release, so that an indicator card would show
a result somewhat less.

The following are tables showing points of cutting
off at 8ths and 10ths with ratio of expansion and hyper-
bnlic logarithms:

Pomt of cutting off........ 36 $ ¥
Ratio of expansion ....... I. I. 33 1.14
Hyperbolic Logarithms.. z 0791 38 9780 693/0.4700.285/0. 131
Point of cutting off ....... ﬁ; %S| |
Ratio of expansion ....... Io 5 3. 33 1.66 |1.42 [1.25
Hyperbolic Logarithms, . .|2.303|1.609|1.203 91 .507/0.351/0.223
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Mean Effective Pressures.

Another table is often convenient. Mean pressure in
cylinder when cutting off at
% stroke = b011er pressure X .507

% 1] = 6« “ X 670
% €« = ““ “«“ x .743
yz 1{] = “ ““ X .847
% @ = 113 113 X '919
% €« = “ ““ X ‘937
% = ““ “ X ‘966 '
% {3 — X .99 2

Buell gives the rule for finding terminal pressure in
the cylinder as: “The terminal pressure of steam in a
cylinder is the product of the pressure ‘at cut-off multi-
plied by cut-off.

95 lbs. steam X .25 cut-off = 23.75, terminal pres-

sure.
POINTS OF CUTTING OFF.

posre| b | F [P | B | B |+ | % | ¢
10 3.8 5.2 5.9 6.6 7.4 8.4 9.1 9.6
15 5.7 7.8 8.9 | 10.4 | 111 12.7 13.7 14.4
20 7.6 | 10.4 | 11.9 | 13.6 14.8 16 9 18.3 19.2
25 9.5 | 13.0 | 14.9 | I7.5 18.5 21.1 22 9 24.1
30 11.5 | 15.6 | 17.9 | 20.9 | 22.2 | 254 | 27.5| 28.9
35 13.4 | 18.2 | 20.8 | 24.4 | 25.9 | 29.6 | 32.1 33.8
40 15.4 | 20.8 | 23.8 | 27.9 29.6 33.8 36.7 37.5
45 17.3 | 23.4 3.4 | 33.3| 38.1| 41.3| 434
50 19.2 | 26.0 34.9 | 37.0| 423 | 459 | 48.2

38.4 | 40.8| 46.5 | s50.5| 53.7
41.9 | 44.5| s50.7| 551 | 57.8
45.4 | 48.9 | 540 59.7| 62.4
48.9 | 52.4| 59.2| 64.3| 67.4
52.4 | 55.6 | 63.4 | 68.9| 72.5
55.9 | 59.3| 67.7| 73.5( 77.1
59.4 | 63.0| 71.9| %78.0| 8I.9
62.9 | 66.7 | 76.1 | 82.6 | 86.7
95 36.6 | 49.5 66.4 | 70.8 80.4 | 87.0| 91.2
100 38.4 | 52.1 69.9 | 74.1| 84.6 | 9r.8| 96.3.
105 40.4 | 54.7 | 62.6 | 73.4 | 77.8| 888 | 96.4 | 101.X
110 42.5 | 57.4 | 65.5 | 76.4 | 81.5 | 93.1 | 101.0 | 106.0
120 46.1 | 63.4 | 71.5 | 83.9 ( 89.4 | I05.5 | I10.2 | II5.2
130 50.0 | 67.8 | 77.5 | 90.9 | 95.3 | 110.0 | 119.7 | 125.3
140 53.8 i 78.0 | 83.5 97.9 | 103. 8 | 118.5 | 128.6 | 135.9

249

55 21.2 | 28.7
60 23.1 | 3I.I
65 250 | 33.9
70 26.9 | 36.5
75 28.8 | 39.1
80 30.8 | 41.7
85 32.7 | 44.3
90 34.6 | 46.9
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About Heat Units.

Average pressure from rule:—Divide the initial pres-
sure by ratio of expansion and multiply quotient by the
hyperbolic Logarithm increased by 1

Loss of Heat.

To find loss in the gas going up chimney in heat
units :

Weight of flue gas X specific heat X temperature
above boiler room = heat units,

The weight of air theoretically necessary for the com-
bustion of one pound carbon is 12 lbs, but the usual
amount in practice where draft is used is 24 Ibs.

The specific heat of air compared with water is .238.

If temperature of gas leaving boiler is 500° and tem-
perature of boiler room 80°, then the coal has put 420°
heat units into 24 lbs. air for each Ib. of coal.

24 Ibs. air X .238 = 5.732. This multiplied by 420
= 2407.44 heat units.

Should we wish to determine the amount of water
it would evaporate from 212° to steam at z12° we divide
the heat units by 966. This gives us 2.48 Ibs. of water.
This is the heat lost in producing draft, or the heat lost
in chimney.

It is at this point that the only hope lies in economy
in the use of powdered fuel.

With the fuel powdered fine and the air thoroughly -
mixed and blown in it should require but the theoretic
amount of air which would save one-half the above loss
- There is another small loss that might be saved.

With draft in the flue at the end of the boiler, either
by chimney or by induced draft with exhaust fan, there
wiii be air drawn in through the brick work and through
every crack and crevice and has a cooling effect.
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Forced Draft.

"Air put in by a blower so that the pressure inside
of the furnace shall be equal to that of the external air
will prevent any air coming in except that which goes
throygh the fuel.

Boiler Tests.

When making a boiler test and it is desired to find
what the evaporation is “from and at 212°,” or from 212°
of feed water to steam at same temperature, divide the
heat units put in by the coal by 966°, which is the latent
heat of steam at the pressure of the atmosphere.

Suppose the pressure was 100 lbs. and temperature
of feed 96°. The total heat units, taken from Porter’s
tables, of 100 lbs. steam 1216.9. The temperature in feed
was 96°.

1216.9 — 96 = 1120.9 - 9606 = 1.164.

This is called the factor of equivalent evaporation.
Multiplying the actual evaporation by this factor will give -
what the evaporation would have been “from and at
212°.” If the evaporation had been 8.6 Ibs. of water,
then 8.6 X 1.164 = 10.01.

If it is desired to find the H. P., which is recog-
nized as 30 lbs. of water, evaporated per hour from feed
at 100° to steam at 70 lbs. pressure.

Find the factor from the above figures ‘which are at
70 lbs. 1210. 32 H. U. — 100° = 1110.32 < 966 =
1.150.

The factor of equivalent evaporation, 1.164 multi-
plied by the actual amount evaporated per hour and
divided by the factor of 100° feed to steam at 70 Ibs,,
viz.: 1.50 will give the standard H. P.

If the actual evaporation per hour had been 10,000
Ibs. of water from 96° of feed water and 100 lbs. pres-
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Electrical Terms and Phrases.

sure, then 1.164 X 10,000 =~ 1.I50 = 10,121.73. This
number divided by 30, which is 30 lbs. of water per hour;
10,121.73 = 30 = 337.37 H. P. with feed at 100° to steam
at 70 lbs. pressure.

Piston Speed and Horse Power.

Piston speed of engine X area of piston X M. E, P.
- 33,000 = H. P.

Piston speed of engine X area of piston X M. E. P
=~ 44,236 = Kilowatts.

Electrical Terms.

In measuring the electric current there is one thing
that puzzles the beginner. He cannot understand why
the dynamo is not doing work when the switches are
thrown out and wonders where the current goes.

He is told that the current must be calculated the
same as water and the amperes as volume, and that
throwing out a switch is the same as shutting off a valve.
He realizes that shutting off a valve means raising the
pressure and this is what puzzles him.

If we look upon the electric current as a volume of
air from a fan blower, that when a gate is shut and a
portion or all of the air is shut off that none is being
moved and that the fan is snnply turning in the case it
can be better understood.

If it is desired to find the K. W. at switch board with
10% loss, + 48,650 K. W. X 1.34 = H. P.

Allowing for 10% loss, K. W. X 1.47 =H. P.

A volt is the measure of electric pressure and corre-.
sponds to pounds pressure in hydraulics.

An ampere is the measure of electric quantity and
corresponds to gallons, etc., in hydraulics.
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diectrical Notes.

Volts X amperes gives the watts which correspond
to energy, 446 of which = 1 horsepower.

The number of watts divided by 446 = horsepower.

An Ohm is the measure of electric resistance in the
wire and corresponds to friction in pipes.

A copper wire 1-10” area and 1’ long has a resist-
ance of 10.6 ohms.

In determining the size of wire the entire circuit,
both the outgoing and the return must be taken into
account. :

A 16 candle-power lamp at 110 volts requires 3%
watts per candle power or 56 watts.

Whea esiimating the size of wire the first thing to
be taken into account is the “drop” or loss in voltage that
can be allowed.

For lighting there should be a drop of but 2 volts
on a 110 volt service, or 2 per cent.

For some kinds of power service there can be a loss
of § %. At 500 volts this would mean a drop of 23 volts,
and at 10% it would mean 50 volts. The latter is aliowed
on railway work. ’

In three phase work the volume of current in each
wire, or terminal, will be 58% of total.

If we have a three phase generator of a capacity of
750 K. W. and generating current under 12,000 volts pres-
sure, the amperes in each terminal will be about 37.

750 K. W. is 750,000 watts.

750,000 = 12,00 = 62.5 amperes.

58% of 62.5 = 36.25 amperes per terminai and the
volume of current that determines the size of each wire.

If we wish to supply 50 amp. 100 feet distant we
have a circuit of 200 feet. If the voltage is 110 ana we
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Hardened Copper.

want a drop of but 2 volts we proceed as follows:

resistance X amp. X distance
= circular mils, or

volts loss
10.6 X 50 X 200

= 53,000 circular mils.
2

We look at a table of circular mils and find this cor-
responds to No. 2 wire, as, if there is no number of wire
that corresponds, the larger number should be taken.

This number is from Brown’s & Sharp’s gauge.

Brown & Sharp’s gauge differs from all others in
that all the numbers have a direct relation to each other.
If we have a wire and wish to get one just double the
area we count up three of the numbers. A No. 0oo wire
has just double the area of No. 1. No. 4 is one-half the
area of No. 1. No. 10 is half the area of No. 7.

Hardened Copper.

Receipt for hardened copper-Blue clay, borax, pot-
ash and straw, equal parts; crush fine, mix thoroughly
together and let it remain three days preparatory to use.
To 1 b, copper, when melted, take 1 1b. 8 oz. of the mix-
ture; stir well in and let it remain one hour. Remove the
slag, then put in a small piece of glass the size of 14 oz.
bottle with a teaspoonful of borax; stir well, let it remain
15 minutes and pour.

A patent for the above was granted to a woman. This
woman was not a metallurgist, but a clairvoyant, and her
story was that during a trance an old Egyptian appeared
to her and gave her the above receipt.
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Estimating Water Power.

Copper made from the above will be g9% copper and
the stuff put into the copper comes out in the form of
slag. .

From the above receipt copper drills have been made
that would drill granite. For bearings it should be made
so that it will work about like cast-iron.

A few years since a man in Pennsylvania designed
a compound metal having about 85% of copper that could
be made so hard that a hatchet made from it will cut nails.

It was suggested by the writer that a trial be made to
show its shot resisting qualities compared with steel.

A ball from a Mauser rifle that would perforate a
15" steel boiler plate would only penetrate the copper
plate 14”. :

Points of compass by a watch point the hour hand
of the watch to the sun and half way between that point
and 12 is due south when north of the equator.

When estimating water power at 75% efficiency, a
flow of 705 cubic feet of water per minute equals 1 H. P.
for each 1 foot fall.

Other Metals.

Regarding copper as a metal for journals, a maker
of seamless tubes had the following experience:

When drawing seamless tubes, the cast shell is put
on an arbor and pushed through a die and the friction on
the arbor is enormous. He had trouble in getting a lubri-
cant for his arbors that would, prevent the brass clinging
and cutting the arbor. He noticed that he had no trouble
with the copper tubes, so he would draw a copper tube,
then three or four brass tubes, then a copper and so on
and then he had no trouble with the brass tubes. It was
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An Expanding Metal.

shown that a sufficient film of copper was left on the arbor
to lubricate the following brass tubes.

Metal that will expand in cooling:
9 parts lead.

2 “ antimony.

1 “ Dbismuth.

Examination Questions.

Some time ago the owners of a large building erect-
ed in New York City put in an elaborate steam-heating
and elevator machinery plant, and they required a good
engineer to take charge. They were prepared to pay good
salary to a suitable man, and this fact becoming known, a
host of applicants became candidates for the place. As a
means of helping to indicate what man would best suit
the position, the candidates were required to take part in
a competitive examination, the subjoined being the ques-
tions submitted. Few engineers would be able to answer
half of the questions, but the publication of them will give
engineers an idea of the range of knowledge required by
those favoring the system of -appointment through merit
alone, and they may serve as a guide to study:

What is your name?

Your age, and where born?

Are you a machinist?

Where were you apprenticed, and number of years
you worked at the trade? :

What is steam? )

What are the properties of steam?

At what temperature does water boil at sea level?

What is the volume of steam from 1 cubic inch of
water ?
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Examination Questions.

What is the temperature of steam, and volume at 1
pound above atmospheric pressure?

What is the temperature of steam at 60 pounds above
atmospheric pressure?

What is the proper course to pursue should the water
be found low in the boiler?

If a boiler 72" diameter had the tubes to within 30”
of the top of the boiler and allowing 2" around the shell
and top of the tubes did not call for braces, what would
be the area to be braced?

What form of braces are commonly used ?

If a boiler 72” diameter were filled with water to
within 18” of the top, what would be the area of that por-
tion filled with steam?

What is the largest area allowed between braces?

What types of engines are you familiar with?

What is a slide valve?

What is a piston valve?

What are Corliss valves?

What is an eccentric?

How much throw should an eccentric have?

How should an eccentric be set?

What is lap?

What is lead ?

What is compression?

Can this be carried too far?

How would you place an engine on the exact center?

How would you set a slide valve?

How would you set Corliss valves with single ec-
centric? :

How with a double?
What causes an engine to pound?
" How can it be remedied ?
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Examination Questions.

What causes an engine to heat?

What are some of the remedies?

How would you determine the travel of a piston so
it should be the same distance from both ends of the
cylinder?

Upon what does the efficiency of an engine depend?

What is the effect of too slow a piston speed ?

What is the effect of too high a rotative speed?

What is the effect of clearance?

What relation does a four-valve engine bear to
clearance?

When re-setting the steam valves on a Corliss engine
what is there to look after in relation to the governor?

In what way is a vacuum of benefit to an engine?

What is a heater?

In what way is a heater of benefit?

How many types are there?

What is the object of a surface condenser?

Can oil be separated from the exhaust steam?

What is an economizer ?

What are the important points about piping?

What is the cause of water hammer?

Should a pipe incline towards the boiler or towards
engine? Why? '

What is the expansion of a pipe 300" long with 150
Ibs. steam?

How can this expansion be taken care of ?

What is the important point about traps?

What is sensible heat?

What is the British unit of heat?

What is the mechanical equivalent of heat?

What is the equivalent of a horse-power?

What is the horse-power of an engine—cylinder,
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Examination Questions.

12"x18”; initial pressure, 80 pounds per square inch; cut-
off, 74 stroke; revolutions, 100 per minute?

If the initial pressure be 80 pounds per square inch,
and cut-off 34 stroke, what will be the terminal pressure?

What will be the point of cut-off to reduce the termi-
nal to atmospheric pressure?

Have you ever used the indicator?

And whose make?

Draw an indicator diagram, and compute the horse-
power from it, of an engine 14"x22", initial pressure 75
pounds, cut-off stroke, revolutions 8o per minute.

Have you had any experience with piston valves?

State what other valves you are familiar with, and
. give a sketch of them.

What is lap and lead?

What is pre-release?

Of what benefit is compression?

What is the tensile strength of iron?

And of steel?

What is the safe working pressure per square inch
of a tubular boiler §4” diameter, plates 5-16” thick?

What pressure will be necessary to burst an iron
boiler 30" diameter, 5-16” thick, the diameter and pitch of
rivets so they will shear off when the plates have reached
the limits of their tensile strength? :

Give a sketch of what you consider the best boiler
stay. .
And how a boiler should be stayed.

What grate surface do you allow in square feet per
horse-power ? .

What is a fair allowance of heating surface per
horse-power ?

How much water will 1 pound of coal evaporate?
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Examination Questions.

How much coal would be a fair average per horse-
power per hour?

How much water evaporated per horse-power per
hour?

Give a rule for computing the diameter of a safety
valve for a given boiler.

Where is the best place to introduce the feed water
in a boiler?

Where should the blow-off pipe be situated?

When is the best time to remove clinkers from the
fire-brick walls with the least injury to the brick?

Where should the connections be made in a boiler
for the attachment of steam and water gauges?

Where should the steam and water gauges be situ-
ated?

What is your opinion as to the use of Croton water
in boilers?

State your objections, if any?

What different make of steam gauges are you fa-
miliar with?

- State maker’s name, and draw a vertical section of
them.

Have you had an experience in steam heating?

State where.

Would it be economy to use the exhaust steam for
heating purposes, if it should throw a pressure of 2
pounds per square inch on piston?

What weight is required for a safety valve 4” diame-
ter, total length of lever 36", from fulcrum to valve 47,
boiler pressure 8o pounds per square inch, weight of valve
and connections 12 pounds?

The diameter being 1, what is the area?
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Examination Questions.

What is the square of 12?

What is the cubical capacity of a cylmder 4'x10'?

What is the pressure per square inch of a column of
water 100" high?

And at what height will it support a column of mer-
cury?

What is a soft patch on a boiler? What is a hard
patch?

Which is to be preferred, and why? thch is bet-
ter, drilled or punched holes? Why?

How should a boiler be cooled off? How should
the water in a boiler be changed?

What is the effect of leaving the doors and damper
shut?

What is foaming?

What are the causes of foaming? How are boilers
injured by it?

How are engines?

How often should water gauges and gauge glasses

- be blown out?

How would you change the point of blowing off with
a spring or “pop” valve?

What pumps_are you familiar with?

How would you set the valves for a duplex pump?

What are the causes of a pump not working?

How remedied?

What are the causes for an injector not workmg?

What is a vacuum?

Where is a vacuum used? How would you de-
termine the amount of water for a condenser?

How would you determine the amount of water a
boiler required ?

How would you determine the size of pump for it?
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About Chimneys.

How much grate area should there be per horse-
power of boiler?

How much heating surface?

What are the causes that lead to boiler explosions?

What is external corrosion?

What is internal corrosion or pitting ?

What are the causes?

What is grooving and cause?

When are explosions the most destructive?

Upon what does the effciency of the boiler depend?

Stability of Chimneys.

Stability, or power to withstand the over-turning
force of the highest winds, requires a proportionate rela-
tion between the weight, height, breadth of base, and ex-
posed area of the chimney. This relation is expressed in
the quotation '

dn

C—=VWV,
b

in which d= the average breadth of the shaft; h = its
height; b = the breadth of base, — all in feet; W =
weight of chimney in Ibs., and C = a co-efficient of wind
pressure per square foot of area. This varies with the
cross-section of the chimney, and = 56 for a square, 35
for an octagon, and 28 for a round chimney. Thus a
. square chimney of average breadth of 8 feet, 10 feet wide
at base and 100 feet high, would require to weigh 56 x 8
X I00 X 10 = 448,000 lbs., to withstand any gale likely to
be experienced. Brickwork weighs from 100 to 130 Ibs.
per cubic foot, hence such a chimney must average 13
inches thick to be safe. A round stack could weigh half
as much, or have less base. -
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Indicating and Diagrams.
' vvyyvy

The practice to test the performance of engines is be-
coming almost universal in power plants. The price of
fuel is climbing too high to let things just jog along; it
is of great importance to know exactly what an engine is
doing, and where to make a saving.

" No instrument is of greater value for this purpose
than the indicator. Already James Watt felt the neces-
sity, soon after the introduction of his engines, to know
what was going on in the cylinder, when steam was
moving the piston. For that purpose he designed an in-
strument, which is supposed to have had all the essential
features of our present day indicators except the rotating
drum and pencil motion. Watt’s indicators had none of
the refinements of the instruments now in use, but they
seem to have been satisfactory on engines runming in
those days only 15 to 20 revolutions per minute. Watt
kept his indicator a secret for a long time and we have
no very authentic information about it.

No material improvements were made until almost
a century later Richards of Hartford, Conn., designed
an indicator at the suggestion of John T. Porter, which
the latter could use to indicate the high speed Porter-
Allen engines he was building and introducing at the
time. Richards’ indicator was designed on the same lines
as Watt’s, but it was provided with a pencil motion
which produced on a piece of paper fastened to a rotating
drum diagrams, with which every engineer of the present
day should be familiar.
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Richards’ Indicator.

Richards’ indicator, of which Fig. 108 shows.an outline,
took like wildfire in America as well as in Europe; it
seemed to fill a long-felt want, and from its conception
on, we may say, that Steam Engineering has to a very

-large extent become dependent on the use of the steam
engine indicator.

Fig. 108.—Richards’ Indicator.

As the speed of engines increased it was found that
Richards’ indicator became unreliable above 150 revolu-
tions per minute, and a number of designers set to work
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Thompson’ lndicafor.

to produce instruments, which would indicate engines
correctly at much higher speeds. Improvements in the
direction of lighter parts, reduction of piston travel,
elimination of a number of pins and levers, greater re-
liability of springs, etc., suggested themselves and were

Fig 109.—Thompson Indicator.

taken up by several American designers and brought to
high perfection. The Thompson indicator was the next
in line; we may say, this instrument has become the
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Thompson’s Parallel Motion.

standard, it certainly holds its own against all competi-
tors. Fig. 109 gives a sectional view of the Thompson
indicator, and Fig. 110 shows its principal feature, the
parallel motion which actuates the pencil bar. The levers
are so arranged, that the pencil point describes a straight
line between certain limits.

Fig 110.—Thompson’s Parallel Motion.

Other pencil motions have been designed, but the result
is about the same, it becomes merely a matter of prefer-
ence. There are, however, some indicators which elim-
inate one of the levers and substitute a roller guided in a
slot. The best known instrument of this type was
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Tabor's Pencil Motion.

designed by Harris Tabor and its pencil motion is
shown in Fig. 111, which will give excellent results if
kept in perfect order.

The next step in indicator construction was made by
placing the spring which forces the piston back to its
original position, on top of the cylinder instead of inside
of the same. Engineers who have had to change springs
in a hurry on a hot indicator will appreciate this design,
it saves time and trouble. One of the first indicators on

Fig. 111.—Tabor’s Pencil Motion.

which this change was made, was the Crosby, the new
design of which is shown in Fig. 112.

The new Crosby deviates also in another way from the
common practice of indicator design, which is that the
area of the piston is made one square inch, instead of the
usual half inch area, customary on other makes of indi-
cators. The object of this is probably to counteract the
inertia due to the increase in length and weight of the
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Crosby Outside Spring.

Fig. 112.—Crosby Outside Spring.

piston-rod, which reaches from the piston to the top of

the spring, making it over three times as heavy as in

the old design. The piston is made of spherical shape on

its outer surface, acting as a ball joint; it has a small

groove around the centerline for lubrication. The

spherical piston gives greater freedom of action, and
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Bachelder Indicator.

prevents binding and friction, which may be caused by
any eccentric action of the spring. The parallel motion
on Crosby indicators is in all its parts extremely light;
the connection between piston and pencil mechanism is
made by a ball and socket joint.

While it cannot be denied that the outside spring con-
struction adds considerable to the ease of operation of
an indicator, it is possible, that under certain conditions

Fig. 113.—~Bachelder Indicator.

it may impair the accuracy of the instrument due to
variation of temperatures. An inside spring will have
practically the same temperature as the cylinder, and can
be calibrated accordingly, placing the spring outside
changes the conditions and atmospheric influences may
affect the result. .

One of the handiest instruments, which can be imag-
ined, is the design shown in Fig. 113, the Bachelder in-
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Reducing Motions.

dicator; the characteristic feature of which is, that it
is provided with two flat springs instead of a number
of spiral springs. The two springs, one for high and
another for low pressure, cover the full range, which in
other instruments would require a dozen different
springs. If for any reason a change in the stiffness of
the spring is desirable, this can be done by sliding the
bushing in the spring case to any point marked on the
outside and indicating the stiffness of the position.

Fig. 114.—Lever Reducing Motion.

The reliability of an indicator depends not only on the
accuracy of the pencil motion and sensitiveness of the
spring, but also to a large extent on the correctness of
the movement of the drum. It has been found in prac-
tice, that the most convenient length of a diagram is 4
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Pantograph.

inches; now to produce this motion of the drum, every
position of which must represent a corresponding posi-
tion of the piston in the steam cylinder, a reducing
motion must be used.

During the time when engine speeds did not exceed
60 to 75 revolutions per minute, it was customary to
reduce the stroke of the piston by attaching levers, panto-
graphs, inclined bars and other contrivances to the cross-
head. A simple lever reducing motion is shown in Fig.

Fig. 115.—Pantograph.

114. The whole thing may be made of wood with a few
bolts to hold it together and fairly accurate results may
be obtained for slow speeds. Another contrivance,
which may be used is a pantograph, as shown in Fig. 115;
it is ' more complicated than the simple lever motion, and
perhaps a trifle more accurate, but also limited as to
speed. Fig. 116 shows an inclined bar reducing motion,
which may be used for higher speeds with satisfactory
results, and so can the telescopic arrangement shown in
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Inclined Bar.

Fig. 117, which makes a very convenient, and combined
with a crosshead pin oiler also neat looking rig, that
is used to a considerable extent on medium speed engines.

However, these rather crude appliances are going out |
of use, and reducing motions of more convenient de-
sign, suitable for high engine speeds, are taking their
place. What makes the new devices so serviceable for
the operator, is that they are directly attached to the
indicator. The reduction is made by means of wheels,

_ 1
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Fig. 116.—Inclined Bar.

actuated by cords, gears or worms, as the case may be.
Fig. 118 shows an arrangement, which has met with a
great deal of favor by makers as well as users of these
instruments, the reduction is made by means of two
drums, which are driven by cords. There are three cords
altogether, one from the crosshead to the large wheel,
another from a small pulley -to a spring case, and the
third from another pulley to the indicator drum. These
cords must be watched closely, if they ride or run un-
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Telescopic Reducing Motion,

Fig. 117.—Telescopic Reducing Motion.
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Reducing Wheels,

evenly, the indicator cards will be inaccurate. It takes
a certain knack to get the cords properly adjusted, but
with a little practice the operator will soon overcome any
difficulties.

Fig. 118.—Wheel Reducing Motion.

A reducing wheel, which requires only two cords, is
shown in Fig. 119, it is used on the Crosby indicator, and
is of the same high perfection as the instrument with
which it is identified. The reducing motion is in this case
supported by a special bracket, a construction, which
prevents any strain on the indicator from a pull on the
long cord to the crosshead. The intermediate reduction
is effected by means of bevel gears, making this part
of the operation positive. A very neat and compact
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Crosby Reducing Wheel.

Fig. 119.—Crosby Reducing Wheel.

reducing motion is used on the Tabor indicator, prob-
aLly as simple and efficient as anything, which can ever
be devised for the purpose. Its principal claim for sim-
plicity and efficiency rests in the application of a worm-
wheel and worm, shown in Fig 120. The teeth, which
are engaged by the worm, are cut directly on the rim of
the base of the drum. A spring case and pulley are
placed on the outside of the worm shaft, and so is a
clutch, which enables the operator to stop the indicator
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Tabor Reducing Wheel

drum at any time for removing and renewing the card
without disturbing the cord to the crosshead. This little
contrivance saves a great deal of time and annoyance,
especially for the beginner.

To disconnect the cord from the crosshead on a fast-
running engine requires some skill and considerable
practice, which not every engineer has the time to ac-
quire, therefore some indicators are provided with so-
called detent motions, for the purpose of stopping the
drum without unhooking the cord. If the drum is

stopped with the cord still attached to the crosshead, the
cord will be thrown fore and back unless the slack is
taken up by some special device, this is what happens on
some of the old indicators, and has been the cause of a
good deal of trouble due to the cord getting twisted or
caught. If a direct connected reducing motion is at--
tached to the indicator, only the slack of the short cord
between the drum and pulley has to be taken up, and for
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Take-Up Device.

this purpose a “Take-Up-Device” as shown in Fig. 121
may be attached, which will take up the slack cord, when
the detent is engaged. Every indicator manufacturer
has a different device for this purpose, it remains for the
engineer to decide, which one will suit him best.
Indicators should, of course, be so made that they can
be used for either right or left hand; on most all of the
latest designs this is provided for, all that is necessary

Fig. 121.—Take-Up-Device.

is to throw the pencil movement around and to reverse
the drum and pencil stop. :

In some instances it is desirable to take a number of
cards in succession, in order to .ascertain how the load
of an engine varies during a certain period; for this
purpose some indicators are provided with a special
paper drum, on which diagrams for successive strokes
are described on a roll of paper, which automatically
unwinds from one drum onto another. Fig. 122 shows
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Drum for Continuous Cards.

such an arrangement, with which any number of succeés-
sive cards can be taken, as long as the roll of paper will
permit. A typical card of this kind is illustrated in Fig.
123, showing a string of diagrams and the variation of
the load for a number of strokes. Although perhaps not
very “frequently used, the continuous indicator rig fills
a long-felt want; before its introduction the customary
way to produce something of a similar kind, was to hold

Fig. 122.—Drum for Continuous Cards.

the pencil on the ordinary paper drum for a short time
and get several diagrams on one card, as shown in Fig.
124. To ascertain the average load conditions this latter
method is often used, but it does not give an accurate
idea of sudden changes from one stroke to another.
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Continuous Cards.

Fig. 123.—Continuous Card.

Fig. 124.—Several Diagrams on One Card.

279



Indicator Connections.

How to Use an Indicator.

If an indicator could be attached to the cylinder head,
directly in line with the piston and with the shortest pos-
sible connections, no doubt the most accurate results
could be obtained, but unfortunately there is no proper
place for it, so we must look for another place which will
give us almost the same accuracy. We find this in some
engines on the side of the cylinder, on others on the top,
if the cylinder is horizontal. Anyway the hole for the
indicator connection should run into the clearance space.
Access to the hole must be perfectly free, and there
should be no obstruction or resistance to the passage of
the steam. It is important that the piston should not
overrun the hole. In Fig. 125 4 shows the correct way of

Al B

Fig. 125.—Indicator Connections.
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Two Indicators Used.

making the connection, in this it will be noted that a small
cavity is provided in the cylinder head to the hole, which
has a rounded edge on the inside, the hole in the nipple
has an easy taper, and the face of the piston is in line
with the inner side of the hole. Fig. 125 B shows a very
careless way of drilling the hole, no accurate card can be
expected from it, there will be a drop in initial pressure
in the indicator.

.
3

O Q)

Fig. 126.—One Indicator at Each End.

va

N

The arrangement of the indicator piping is just as
important as the location and shape of the hole; the
best way to get correct cards would be to avoid all pip-
ing and place one indicator at each end of the cylinder,
as shown in Fig. 126. This is all right for accurate tests,
but for every day indicating piping and fittings may be
used with a three-way cock in the middle. The size of
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Indicator Piping.

piping is usually one-half inch iron pipe size, but brass
pipe must be used, no iron should enter into the con-
struction. In Fig. 127 three styles of piping are shown,
style No. 1 may be used for short stroke engines, style
No. 2 is a better way, mostly used on Corliss engines, it
has long radius elbow cocks, so that the piping can be
shut off when the indicator is not in use; style No. 3 is
still more complete, it shows one additional indicator

Fig. 127.—Different Styies of Piping.

cock placed in vertical position at each end, thus permit-
ting the use of one instrument at each end, or one in the
center, as may be desired.

In connecting an indicator to an engine, it is well to
remember that it is a delicately constructed instrument,
any abuse of which will make results inaccurate and
perhaps do considerable damage; nothing will be more
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Engine Room Practice.

detrimental than scale and dirt entering the cylinder of
an indicator in taking any diagrams. Therefore, the first
thing to do before the instrument is attached, is to blow
out the piping with steam. No rzd lead or cement of
any kind should be used in making the connections tight,
if any such stuff gets into the indicator cylinder it will be
ruined in a short time. It is good practice to heat up
the instrument before taking diagrams, and of course
the condensed water must be blown out of the piping,
before operations can begin.

For ordinary engine room practice, where the steam
pressure varies between 60 and 120 pounds, two or three
springs will be sufficient, a 40 and a 60 spring will do
the work, or a little better if a 50 spring is added. The
height of an indicator diagram must not exceed 2 inches,
and since the scale of the springs indicates the steam
pressure that will move the pencil one inch, it is a very
simple matter to determine, which spring should be used
for certain occasions. There is no sense in having a
whole lot of springs in the indicator box, unless the in-
strument is to be used under all kinds of conditions.

The cord from the indicator reducing motion must run
in as direct a line as possible to the crosshead; if for
some reason the indicator is placed in a position, which
makes a direct connection impossible, as for instance on
the low pressure side of a compound engine, guide pul-
leys should be used. If the crosshead is provided with
a wipercup or a telescopic oiler the cord may be hooked
on to these, but if no such provision has been made, a
hole, say %2 inch or % may be drilled and tapped into the
side of the crosshead. A pin is to be screwed into this
hole of such a length, that it will not strike and
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Placing the Paper.

injure any passer-by, who is not aware of its existence.

The paper must be placed firmly around the drum, and
the cord adjusted to produce a card about 4 inches long;
next the indicator cock is turned to the position which
will blow the water out of the piping and then turned
on full and the card is taken. The cock is closed again
and the atmospheric line is described on the paper by
holding the pencil against the paper, while the cord is
still attached to the crosshead and the indicator running.
This last operation is of considerable importance, since
without the atmospheric line an indicator card is useless.
It is common practice to describe two diagrams on each
card, one from the head end and another from the
crank end, but before these double cards are taken, there
should be produced one separate card from each end of
the cylinder and properly marked. The record on the
card must give the date, time of day, size of engine,
boiler pressure, number of revolutions per minute, scale
of spring, and perhaps the nature of the load which the
engine carried.

When through taking cards, the indicator should be
carefully cleaned and returned to its box; it must never
be left on the engine for any length of time, when not in
use.

How to Figure Indicator Cards.

An indicator card is a graphical illustration of varying
pressures on the piston of a steam cylinder during one
stroke. The length of the diagram represents the stroke
of the piston, and the height at any point, measured on
a scale, graduated to correspond with the number
stamped on the spring, with which the card was taken,
gives the pressure per square inch on the piston for that
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Ordinates Method.

position in the cylinder. For instance, if the card meas-
ured 34 inch in the middle on a 40 scale, this would in-
dicate that the pressure on the piston at half stroke was
% times 40=30 pounds per square inch. From this it
is evident that the average height of a diagram would
give the average pressure on the piston during one stroke.
The measurements must be taken from the atmospheric
line. If on the return stroke the diagram shows any
back pressure, the average height of this line, converted
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Fig. 128.—Ordinates Method.

into pressure and subtracted from the average pressure
of the working stroke, will give us the mean effective
pressure. This proceeding is correct for a noncondens-
ing engine; for condensing there will be a line below the
atmospheric line, and the average of this line from the
atmospheric line converted into pressure and added to the
average steam pressure above the line will give the

- ME.P.

If no planimeter is at hand, the mean effective pres-
sure of a diagram can be found by means of ordinates.
As shown in Fig. 128 the diagram is usually divided into
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Planimeter Saves Time.

10 equal parts, and vertical lines or ordinates are
drawn, shown in full lines, the mean pressures of the
small areas thus formed are indicated by the dotted lines
halfway between the ordinates. By measuring the mean
pressures on the dotted lines with the scale, correspond-
ing to the spring used in taking the diagram, adding
them together and dividing the sum by ten the mean ef-
fective pressure in pounds per square inch is found. If
the diagram is very irregular in shape it may be neces-
sary to divide it into a greater number of divisions
in order to correct measurements. In case the proper
scale should not be at hand, the height of the divisions
may be marked off on a piece of paper, one after another
in one continuous line, and the whole distance be meas-
ured with an ordinary rule. The number of inches and
fractions thereof, divided by the number of divisions of
the diagram and multiplied by the scale of the spring,
will give the mean effective pressure.

The results of this method are fairly accurate; how-
ever, they do not compare with those obtained by means
of a planimeter, an instrument, as the name signifies,
-which will measure the area of any plane surface rep-
resented by a figure drawn to a certain scale. Another
thing, a planimeter saves time ; it would be almost an end-
less job to figure say 20 cards by the ordinates method,
while with a planimeter the work could be done in a few
minutes, and with much greater accuracy.

The polar planimeter was invented about 50 years ago
by Professor Amsler; in the course of time the original -
design has undergone a number of changes, but the
original idea of letting a measuring wheel carried by a
tracer arm, which swings around one end of a pole arm,
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Amsler’'s Planimeter.

whose other end is stationary, revolve around its axis
when the point of the tracer arm is moved in any direc-
tion, remains the same. A very convenient little instru-
ment of this kind is shown in Fig. 129. In measuring the
area of a diagram fastened to a drawing board or other

Fig. 129.—Amsler’s Planimeter.

flat surface, covered with a piece of smooth drawing
paper, the point A is pressed slightly into the paper and
the tracer point B moved around the diagram, to make
sure that it is within the range of the instrument and
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Using the Planimeter.

that the roller moves on a continuous flat surface. It
must not come in contact with any obstruction, as for
instance the edge of the indicator card, if it does point
A must be moved to let the wheel move perfectly free.
The measuring wheel is graduated on the rim, it has 10
large divisions, each of which is again divided into 10
subdivisions, making 100 small divisions in all. The
tracer arm is moved in the direction traveled by the
hands of a watch, With this in mind operations can be-
gin, the roller may be set by hand or by moving the
tracer point along the diagram, so that zero on the roller
coincides exactly with zero on the Vernier; make a
slight pencil mark on the diagram, where the tracer
point rests, and now move the same along the outline
of the diagram, carefully taking in all the little curves
and irregularities until the pencil mark has been reached
again and take the reading on the roller. If the zero
mark on the Vernier should coincide exactly with the line
marked 4 on the roller, that would indicate that the area
of the diagram would be 4 square inches, if the roller
" had moved an additional 3 subdivisions, the area would
be 4.3 square inches. For any fractional part of a sub-
division the Vernier would come into use and another
decimal would be added according to which line on the
Vernier would coincide with some mark on the roller.
This is the way a beginner should proceed, anyone fa-
miliar with the instrument can of course take the first
reading, where the roller stands and subtract it from the
final result.
This simple little instrument only gives the area of the
diagram in square inches; to find the mean effective pres-
sure it will be necessary to divide the area by the length
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Figuring M.E.P.

‘of the card in inches and to multiply the quotient by the
scale of the spring, with which the card was taken. A
simple performance enough, but it has been improved
upon by a change in the instrument, making it as shown
in Fig. 130. In order to get the mean height of the dia- ..
gram, which is equivalent to dividing the area of the
diagram by the length of the card, it is only necessary
to hold the planimeter upside down and adjust the two
points so that the distance between them is equal to the

=

1 3

T

length of the diagram, then fasten the arm by means of
the little thumb screw and run the tracer point over the
diagram the usual way. The difference between the
second and first readings multiplied by 10 and divided
by 4 will give the mean height of the diagram in inches,
this multiplied by the scale gives the M.E.P. _There
are planimeters made which have still further refine-
ments not necessary for indicator work. The simpler
instruments of this kind are, the better for the engineer,
who has not the time to spend on a lot of delicate ad-
justments. Some of them even will give direct readings
of mean effective pressures, which may appeal to people,
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Diagram Analysis.

who have only a very limited knowledge of arithmetic
- or do not care to read a Vernier.

What Indicator Cards will Show.

To get the full benefit of everything shown by an indi-
cator card it should be submitted to a more careful exam-
ination than was done in figuring its area and determin-
ing the mean effective pressure. Let us take a diagram
as shown in Fig. 131 and see what we can learn from it.
To the left of the diagram we draw a line at right angles
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Fig. 131.~Diagram Analysis.

to the atmospheric line and divide it according to the
scale of the spring used in taking the card; if the scale
was 50, every inch in height will be divided into 50
equal parts. Now from the record on the card we get the
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Diagram Lines.

boiler pressure, when the card was taken; assuming this
to be go pounds, we draw a line through the correspond-
ing point on the vertical line parallel to the atmospheric
. line. We note that the highest point of the diagram
coincides with division line 83 on the vertical, this gives
us the initial pressure in the cylinder. The difference of
7 pounds between the boiler pressure and initial pressure
shown on the card indicates, that there is a drop of pres-
sure of 7 pounds in the steam pipe between boiler and
engine. Through point D we draw a line parallel to the
atmospheric line, and through G, the extreme point at the
right hand end of the diagram, we draw a vertical line,
which intersects the horizontal line through D at P.
The line DP we divide into a number of equal parts, 10
in this case, and draw a vertical line through each divi-
sion line; next we draw the vacuum line XZ below the
atmospheric line, the distance between the two to be 14.7
pounds measured on the scale.

With the help of the lines we will make an investiga-
tion and analysis of the diagram and the performance of
the steam in the cylinder. From D, the highest point of
the diagram, to E steam is admitted to the cylinder; DE
is called the admission line. The slope of the line indi-
cates that the steam is wiredrawn somewhere, probably
in the steam port. At E the cut-off takes place, and
from E to F the steam expands in the cylinder; EF is
the expansion line. At F the exhaust opens, this is the
point of release, FG is the exhaust line; when the pencil
point is at G the piston has reached the end of the stroke.
The line GH, called the back pressure line, shows the
back pressure which acts against the piston on its return
stroke. At H the exhaust port closes, and the steam

291



Theoretical Curve.

which still remains in the cylinder is compressed, which
is indicated by the rising line HC, called the compres-
sion line. Just when the valve is closed can not be
determined from the diagram, neither can we tell exactly
when the steam valve opens, which happens with the
pencil point somewhere between H and C; the vertical
part of the line HC may be due to compression or to the
lead of the steam valve.

If steam was admitted to the cylinder without being
wiredrawn the line DE would be perfectly straight from
D to K, and with the cut-off at K the expansion line
should be an adiabatic curve, under the assumption that
there would be neither a loss nor gain of heat, which is
the meaning of the word “adiabatic.” We will draw
a line which nearly resembles it on the card; to draw the
curve absolutely correct would require the use of a com-
plicated formula, but it very closely corresponds with a
hyperbola, which can be drawn by very simple means.
If the cylinder had no clearance, we could proceed with
the lines as drawn so far, but since the clearance space
is filled with live steam at the beginning of the stroke it
must be taken into account and we must draw a line on
the card to the left of the diagram, which represents the
same. The clearance in an engine cylinder consists of the
space in the counter-bore, valves and ports, and all
other cavities in addition to the part of the cylinder,
which is not swept over by the piston, the volume of the
same is usually determined by actual measurement or by
figuring from a drawing. The ratio of this volume to
the volume of the piston displacement is to be spaced off
on the card and a line representing the same drawn.
However, there is a way to determine the clearance from
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Clearance Line.

the diagram, if there are difficulties in taking the actual
measurements, The result is accurate enough for
ordinary purposes and the procedure as follows: '
Take any two points of the expansion curve a and d
and draw the rectangle abcd, draw a line through b¢
and continue the 'same till it intersects with the vacuum
line in O, the perpendicular OY determines the clearance.
With the help of the point O we can construct the
theoretical expansion line from point K, by drawing first
the vertical KL and next the lines 03, 04, 05, etc., to o10.
From the points where these lines cross KL we draw
horizontal lines, and mark the points where they meet the
verticals from points 3, 4, 5, etc. A curve drawn through
the intersections gives us the hyperbola, which forms the -
expansion line KN. The diagram represented by the let-
ters DKNBM gives us the theoretical performance of the
steam for the initial steam pressure of 83 pounds. The
mean effective pressure of the actual performance of the
steam subtracted from the MEP of the theoretical con-
stitutes the losses due to wiredrawing, condensation in
the cylinder, back pressure and compression. This is a
very interesting study and analysis of a diagram and
should be undertaken, whenever an engine is indicated.
Diagrams are not always as regular as the one shown in
Fig. 131, it is more likely that a diagram would show a
much more irregular shape, especially if taken on an en-
gine, which has not been indicated and on which the
valve gear has not been adjusted for a considerable time.

Are Indicator Diagrams Necessary.

The question may be asked, why is it necessary to go to
all this trouble and indicate an engine, figure the mean
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Wear Changes Valve Gear.

effective pressure and construct theoretical expansion
. curves, etc. Is it not sufficient, if an engine is kept well
oiled and cleaned, and occasionally keyed up at the
crankpin and crosshead? It certainly is if nobody cares,
how much steam is used or wasted, and if the main ob-
ject of the engine is to keep things running without any
regard to the coalpile. There are thousands of engines
which have never been indicated, and there are perhaps
just as many engine rooms, where an indicator is un-
known. The instrument is often looked upon as an un-
necessary adjunct, difficult to handle and hard to under-
stand. And yet the perfection of the modern steam en-
gine and the high economy, which we find in some plants
is mainly due to this little tool, which has been of in-
calculable value to the engine builder and the intelligent
power user.

Without taking diagrams of an engine it is practically
impossible to tell, whether the valve gear is set right or
not ; an engineer running an engine which has never been
indicated, is simply groping in the dark. The adjustment
of the valve gear of a engine is not permanent, constant
wear will change it. It often happens that nuts get loose
while an engine is running and are tightened without
regard to the valve setting. An indicator diagram of the
engine would show the defects. To summarize, from the
diagrams of an engine we can ascertain losses caused by
wiredrawing, back pressure, premature release, excessive
compression, leakage of valves and piston, and a de-
ranged valve gear; they will show whether an engine is
overloaded, carries too light a load or is run with an
economical load, they will also tell how the load is
divided on both sides of the piston. Besides, from indi-
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Cards Will Tell.

cator diagrams we can figure the indicated horse-power
of an engine and get some idea about the steam con-
sumption.
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PROPERTIES OF SATURATED STEAM..

Pressure, Temperature, Volume and Density.

(Haswell.)
g 88 - 3.2
g % 8 23 s | %3
24 1 g B, eds | B
g ] g EE | %78
S 8 § £ 28 | §.3
& & = Sl =& Sda
Lbs. Ins. Deg. Deg. Cu. Ft. Lb,
1 2.04 | 102.1 1112.5 | 330.36 | .003
2 4.07 | 126.3 1119.7 | 172.08 | .0058
3 6.11 | 141.6 1124.6 | 117.562 | .0085
4 8.14 | 153.1 1128.1 | 89.62 | .0112
5 | 10.18 | 162.3 1130.9 | 72.66 | .0138
6 | 12.22 | 170.2 1133.3. | 61.21 | .0163
7 | 14.25 | 176.9 1135.3 | 52.94 | .0189
8 | 16.29 | 182.9 1137.2 | 46.69 | .0214
9 | 18.32 | 188.3 1138.8 | 41.79 | .0239
10 | 20.36 | 193.3 1140.3 | 37.84 | .0264
11 | 22.39 | 197.8 1141.7 | 34.63 | .0289
12 | 24.43 | 202, 1143. 31.88 | .0814
13 | 26.46 | 205.9 1144.2 | 29.57 | .0338
14 | 28.51 | 209.6 1145.3 | 27.61 | .0362
14.7 | 29.92 [ 212 1146.1 | 26.36 | .03803
15 | 30.54 | 213.1 1146.4 | 25.85 | .0387
16 | 32.57 | 216.3 1147.4 | 24.32 [ .0411 |
17 | 34.61 | 219.6 1148.3 | 22.96 | .0435 |
18 | 36.65 | 222.4 1149.2 | 21.78 | .0459
19 | 38.68 | 225.3 1160.1 | 20.7 | .0483
20 | 40.72 | 228, 1150.9 | 19.72 | .0507
21 | 42.75 | 230.6 1151.7 | 18.84 | .0531
22 | 44.79 | 233.1 1152.56 | 18.03 | .0566
23 | 46.83 | 235.5 1163.2 | 17.26 | .068 :
24 | 48.86 | 237.8 | 1163.9 | 16.64 [ .0601
25 | 50.9 240.1 1154.6 | 16.99 | .0626
26 | 52.93 | 242.3 1156.3 | 15.38 | .065
27 | 54.97 | 244.4 1156.8 | 14.86 | .0673
28 | 57.01 | 246.4 1156.4 | 14.37 | .0696
29 | 59.04 | 248.4 1157.1 | 13.9 0719




Properties of Saturated Steam (Continued). -

= = == —
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Lbs Ins. Deg. Deg. Cu. Ft. Lb.,
30 61.08 | 250.4 1157.8 13.46 .0743
- 81 63.11 262.2 1168.4 13.05 .0766
32 65.15 254.1 1158.9 12.67 .0789
33 67.19 266.9 11569.5 12.31 .0812
34 69 .22 267.6 1160. 11.97 { .0836
36 71.26 269.3 1160.5 11.66 .0868
36 73.29 260.9 1161. 11.34 .0881
37 75.33 262.6 1161.5 11.04 .0906
38 77.37 264.2 1162. 10.76 .0929
39 79 .4 2656.8 | 1162.5 10.61 .0962
40 81.43 267.3 1162.9 10.27 .0974
41 83 .47 268.7 1163.4 10.03 .0996
42 85.5 270.2 1163.8 9.81 .102
43 87.54 271.6 1164.2 9.69 .1042
44 89.58 273. 1164.6 9.39 .1065
45 91.61 274.4 1165.1 9.18 .1089
46 93.65 275.8 1165.5 9. - .1111
47 95.69 277.1 1165.9 8.82 .1133
48 97.72 278 .4 1166.3 8.66 .1156
49 99.76 279.7 1166.7 8.48 .1179
50 101.8 281 1167.1 8.31 .1202
51 103 .83 282.3 1167.5 8.17 L1224
52 105 .87 283.5 1167.9 8.04 .1246
63 107.9 284.7 1168.3 7.88 .1269
54 109 .94 286.9 1168.6 7.74 .1291
55 111.98 287.1 1169. 7.61 .1314
66 114.01 288.2 1169.3 7.48 .1336
67 116.05 289.3 1169.7 7.36 .1364
58 118.08 290.4 1170. 7.24 .138
69 120.12 291.6 1170.4 7.12 .1403
60 122.16 292.7 1170.7 7.01 .1426
61 124 .19 293.8 1171.1 6.9 .1447
62 126.23 294.8 1171.4 6.81 .1469
63 128.26 295.9 1171.7 6.7 .1493
64 130.3 296.9 1172. 6.6 .1616
66 132.34 298 1172.3 6.49 .1538
66 134.37 299 1172.6 6.41 .1566
67 136.4 300. 1172.9 6.32 .1583
68 138.44 300.9 1173.2 6.23 .1605
- 69 140.48 301.9 1173.6 6.15 L1627 _
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Properties of Saturated Steam (Continued).

o== =
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Lbe. Ins. Deg. Deg. Cu. Ft. Lb.
70 142.562 302.9 1173.8 6.07 .1648
171 144 .65 303.9 1174.1 5.99 .167
72 146.569 304.8 1174.3 5.91 1692
13 148.62 305.7 1174.6 5.83 1714
T4 150.66 306.6 1174.9 5.76 .1736
5 152.69 307.56 1175.2 5.68 .17569
76 164.73 308.4 1175 .4 5.61 1782
k4 156 .77 309.3 1176 .7 5.64 .1804
18 158.8 310.2 1176. 5.48 .1826
79 160.84 311.1 1176.3 5.41 .1848
80 162.87 312. 1176.6 5.35 .1869
81 164.91 312.8 1176.8 5.29 1891
82 166.96 313.6 1177.1 5.23 .1913
83 168 .98 314.5 1177 .4 5.17 1936
84 171.02 315.3 1177.6 5.11 L1967
86 173.06 316.1 1177.9 5.05 .198
86 175.09 316.9 1178.1 5. .2002
87 177.13 317.8 1178.4 4.94 .2024
88 179.16 318.6 1178.6 4.89 .2044
89 181.2 319.4 1178.9 4.84 2067
90 183.23 320.2 1179.1 4.79 2089
91 185 .27 321. 1179.3 4.74 2111
92 187.31 321.7 1179.5 4.69 2133
93 189 .34 322.5 1179.8 4.Ct 21556
94 191.38 323.3 1180. 4.6 2176
95 | 193.41 324.1 1180.3 4.55 2198
96 195.45 324.8 1180.5 4.61 2219
97 197.49 325.6 1180.8 4.46 2241
98 199 .52 326.2 1181. 4.42 2263
99 201.56 327.1 1181.2 1.37 2285
100 203 .59 327.9 1131.4 £.33 2307
101 2056 .C3 1 328.5 1181.6 4.29 2329
102 " | 207.€CC 329.1 1181.8 1.2E 2361
103 | 209.7 229.9 1182. 4.21 2373
104 211.74 830.6 1182 .2 4.18 2393
106 213 .77 331.3 1182.4 4.14 2414
106 215 .81 331.9 1182.6 4.11 2435
107 217.84 332.6 1182.8 4.07 2466
108 219.88 333.3 1183. 4.04 .2477
221.92 334. 1183.3 4. .2499




Properties of Saturated Steam (Continued)f.

- - g9
3 4. 8 ,g% . 33
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Lbs. Ins. Deg. Deg: Cu. Ft. Lb,
110 | 223.95 | 334.6 1183.5 3.97 | .2621
111 | 225.99 | 335.3 1183.7 3.93 | .2543
112 | 228 02 | 336, 1183.9 3.9 | 2564
113 | 230.06 | 336.7 1184.1 3.86 | 2586
314 | 23201 | 33704 1184.3 3.83 | 2607
116 | 234.13 | 338, 1184.5 3.8 | .2628
116 | 236.17 | 3386 1184.7 377 | 2649
117 |238.2 | 339.3 1184.9 3.74 | .2663
118 | 240.24 | 3399 1185.1 3.71 | 2674
119 | 242.28 | 34005 1186.3 3.68 | 2696
120 |244.31| 3411 1185.4 3.65 | .2738
121 | 246.35 | 3418 1185.6 3.62 | .2759
122 | 248.38 | 342.4 1185.8 3.59 | .278
123 | 250.42 | 343, 1186, 3.06 | 2801
124 | 252.45 | 343.6 1186.2 3.54 | .2823
125 | 254.49 | 344.2 1186.4 3.51 | .2845
126 | 256.53 | 344.8 1186.6 3.49 | 2867
127 | 258.66 | 345.4 1186.8 3.46 | .2889
128 | 260.6 | 346, 1186.9 3.44 | L2011
120 | 262.64 | 346.6 1187.1 3.41 | .2033
130 | 264.67 | 347.2 1187.3 3.38 | 2955
131 | 266.71 | 347.8 1187.5 3.35 | .2077
132 | 268.74 | 348.3 1187.6 3.33 | 2999
133 | 270.78 | 348.9 1187.8 3.31 | 302
134 | 272.81 | 349.5 1188, 3.29 | 304
135 | 274.85 | 350.1 1188.2 3.27 | .306
136 | 276.89 | 350.6 1188.3 3.25 | .308
137 | 21892 | 351.2 11885 3.22 | .3101
138 | 280.96 | 851.8 1188.7 3.2 | 3121
139 | 282.99 | 352.4 1188.9 3.18 | .3142
140 | 285.03 | 352.9 1189, 3,16 | .3162
141 | 287.07 | 353.5 1189.2 3.14 | 3184
142 | 289.1 | 354, 11894 3.12 | .3206
143 | 291,14 | 364.5 1189.6 3.1 | 3228
144 | 293.17 | 355, 1189.7 3.08 | .3%
145 | 295.21 | 355.6 1189.9 3.06 | .3273
146 | 207.25 | 38601 1190, 3.04 | .3294
147 | 299.28 | 386.7 1190.2 3.02 | .3315
148 | 301.33 | 387.2 1190.3 . 13338
149 | 303.35 | 357.8 11905 2.98 | 3367
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Properties of Saturated Steam (Concluded).
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Lbs. Ins, Deg. Deg Cu. Ft. Lb.
150 305.39 358.3 1190.7 2.96 .3377
166 315.567 361. 1191.5 2.87 .3484
. 160 326.76 363.4 1192.2 2.79 .3569
. 165 335.93 366. 1192.9 2.711 .3696
170 346.11 368.2 1193.7 2.63 .3798
176 356 .29 370.8 1194.4 2.56 .3899
. 180 366 .47 372.9 1195.1 2.49 .4009
185 376 .65 375.3 1195.8 2.43 L4117
190 386 .83 377.6 1196.5 2.37 .4222
195 397.01 379.7 1197.2 2.31 .4327
200 407.19 381.7 1197.8 2.26 .4431
210 427 .64 386. 1199.1 2.16 .4634
220 447 .9 389.9 1200.3 2.06 .4842
230 468 .26 393.8 1201.5 1.98 .5052
240 488 .62 397.5 1202.6 1.9 .5248
2560 508 .98 401.1 1203.7 1.83 .5464
260 529 .34 404.5 1204.8 1.76 .5669
270 549 .7 409 1205.8 1.7 .5868
280 570 .06 411.2 1206.8 1.64 .6081
290 590 .42 414 .4 1207.8 1.59 .6273
300 610.78 417.5 1208.7 1.54 .6486
360 712.57 430.1 1212.6 1.33 .7498
400 814.37 444.9 1217.1 1.18 .8502
450 916.17 456.7 1220.7 1.05 .9499
500 |1018. 467.5 1224. .95 1.049
650 [1119.8 4177.5 1227. .87 1.148
600 [1221.6 487, 1229.9 .8 1.245
650 |1323.4 495.6 1232.5 .74 1.342
700 |1425.8 504.1 1235.1 .69 1.4395
800 [1628.7 519.5 1239.8 .61 1.6322
900 (1832.3 533.6 1244.2 .65 1.8235
1000 |2035.9 546.5 1248.1 b 2.014

300



INDEX

Air—weight of..ceceeneeiienciennnniannas
PN Y P Y 1 3 ¢
Ammomamwater................. PP |
ADEIE .. iitiiieieeneefeeneereneeceenesonessensesonssnssss252
Anchor bolts P PP
Anthracite €0al ....uiiiiiiriiieiiiiiieteietireieecnsrnnneens @
Area Of tubes . ...uieiiiiiriiiiieiitienieereciereensensaae23]
Areas of Circles ....cvveenieeineienerenrennssensennsas.203-2607
Areas of Segments ........ccieieiiierieiieneneeens...208-270
Atmospheric Pressure ...........ciiiiiiiiiiieiiiiieei.. 0223
AVerage PreSSUTES .....eeeeeveveeseeacscssnsosccnsacssesss24Q
Babbitt metals ....uiiiiiiiieiiiiiiieiiitiiteieteienacnnae,s 148
Babbitt packing rings ......ceceeeieereeniiecncnenaceenesesaI33
Banking fire . ...uiiiiiiieiiiniiitiiecenersntecssnsascncesea20
Balancing vertical engines.................ooieiiiil L TI3
Balanced valves ..ocviviiiiiiiiiiiiececiioneiiisiasanneassaI73
Bearing metal ...coiiiiiiiiiiiiiiiiiiiittiieieaeeeaeaaeae 147
Belt dressing ....ooviiiniimiiiiiiiiiiiiiiiiiiiiiiiieee....205
Belt JOINtS ..veiiiieeieueeenieneeeneeesncesennssaseanenssa205
Belt leather ..uoeeeieeeeeenneeerareoesaeessseseasesanaans. 20l
Belting 130-198207
Belts—power of ......ciieiieiiiniiciertcirensercaaneass.203
Black lead 63-147
BlOWErS . ..vieenereeienaseeoredonsosesessssscososseacancsessl2
Home made .......ciiiviiiniiinninncncnnniensess I
Blow-off valve troubles ©......voiiieiiiiiiieiiiiiiiiiieaes. 33
Blow-0ff DPIPES titiiiiieiieriiiaiiiittittentittncccacennens 44
Boiler braces Ceeeeieei ittt ee 0235
Boiler compounds—-Cutch ceees
Gambier ......c..i0uunnn

cecesscscsees250

Japonica ...........
Kerosene ...........
Potatoes ....ceecesiesns
Sal. soda ....
Tannic acid .
Boiler—contents of "...... PR
Boiler economy .......... Cetietereseneacaanenaeese22l-232
Boiler explosions .......... TR T PRI 1
Boiler feeding ......iveivieiineioiisriicniiiiiiiiiorianes. 10
Boiler fittings ...coiieeiierenrisiseseereiiniancnnisenasesad2
Boiler hOTSE POWET «.vvueeveevetocsscsasasessonnnanonneosss22]
Boiler ratings ....ccocveiiiiiieriiiiiiireiitteiaieansoans. 228
Boiler TOOM «.ovueivereionesosonsassesnrsesssessessneansseensd
Boiler settings ....cccviiiiiieriesiiiriieciacienens..26-42-44
Boiler tests .ueereeeieniesicestticiicesirirosissatcassan,. 250
BOIlErS veveeeeseesreacassssonscasesssscssssssessssaseascesss5I

301




Boilers—material ..........cceieiieieiinniteieecsttscesseses30
Boilers—strength of ......c.covvivieieieeieciecicesscncanssss39
Boilers—weakness 0f .......ccceceiienriinenceccnasccasaas S
iBrgces PR T X 1]
grgcléfqundations R 4
P Bricklaying ..iuiiiiiiiiiiiiiiiiii ittt e iirereiasteaneans
Bridge walls ....ccuviiiiiieiieieiieeieneeeeeeiecescensas db
Bronze Bearings .......ceeeeeeieierieeiacieeeenancionaeess 149
Bulkley’s condensers ............c.ccqiinniiiiniiteiienia.. 180
Burnishing .....ciiiiiiiiniiiinreiiecneesienennnanncennss. 218
Carbonate of S0da .....ccovveveienueerneeeeeeenncesnconenes23
CaustiC SOAA +.evvrvnreneneeeienresnserenencneacoseeacseenes23
(0T LU {28 .1.55 §.7 4
Causes of heating ........coceuvvieeieninenieninaenecenesdISE
Air bound PUMPS ..vvvviiinrnnnrereneeereecnnnenaenscaaseess238
Air chambers ........cooiiieierieineeneenereccasasenensesess237
Air pumps and condensers ............cieeieennnerennacaaaal
Air pump packing ...eevuiiieiiieiiererineiencenaecnsnansedd??
Cement and MOTAr ....ovevieennneeenenrereecsnceecesneenenss83
Cement ......ciiiiiiiiiiiiiiriittiiiieaiaeiraeeernansees 84
Mixing ......
Portland ...... 84
Rosendale .......ccovvevivneneernnneencatorenceoaneese84
Specifications .......ceiieirerieninienenrtornnennenees 87
TeSting «.ovvieeiviieneeeeenenrarenesencacnssaseasass.80
5
19
99

D R I R R I

Centering engine ..........cceeeevieneeeresannnnnceeansass 100
Check valves ......cccviveeninneerencnnssencccnsnscasnanssl
Chemicals for coal ......c.cviiiieeiieriieernneeaninnncieens
Brick or steel .\.....cciiiieiiriiieiiiiiiineiiiiacnnns
Size Of ....iiiiiiiiiiiiiiiiiiiieieiiaieasiaaesasss IO
Stability of ... .o iiiiiiiiiiiiiieiriieeieienenen.. 262
Table Of ...iiiiiieiiiirtireienenesecesssssansesss 102
00  L- PR X 1
Circles, Areas of .....c.ccvevvenienneneeearanencnnensss.203-267
Circulation .....c.cevieiieeneennecranneersonsanssnsss 31-43-222
Cleaning Boilers ....co.coveeeeenececsenneecccansonecscess /=222
Cleaning boiler flues .......covieeiieciiirrnrrecncenncecenees 7
Clean DOIlErs . ..uvuvuveirvectesosereeensnsscncsessossansssd222
Cleaning engines ....e.ceceeeceeecesocssseneanecnscncesses 218
Cleaning fire ......cceveeceoecenssonsscnnsoanns PR ¢ ¢
ClearanCe .....c.veeeseecesserccesorscsncecanacsossesnsses 224
ClinKers .....coviiueeeeneesenssasaconesnsscsencscsaseannnses IO
Compound engines ........ecoeeeeeeeececcoasecsssscesanss  JIT
Compounds for cleaning .......ccceeevrereccanerenconnen....218
Compounds—tandem ......ceeoeeeeerecerccoceccscsasneesssI78
COMPIeSSION ...cvuveevenecsessonesssencaconennennsss. 172225
00711 Y ¢+ ]
Condensation .......cec.ieieticnteiitncetocreacnsnsennnes 223
Condenser troubles .......ccoviivieeriieieeenesosannennn... 180
Condensers and air pUMPS ...ccvvveeneececnenanees. .07-176-178
Condensing Enginés .........ccoveeveveneecensanenn....69-174

302




Contents of boiler .....covinveerienisrnscresecacnssesnnnss 228
Continuous OiliNg ...cvvvvesnisreestocersceronsscencsensss 24
Cooling bearings ......cecceeeervnssonscsoscsaccosacasosss 147
Cooling MIXtUreS .....veveieenveransncncscocenessannsssaas 147
Cooling off boilers .......cciviiiieviiiieenininneennnes. 27-
Cooling tOWErS ........cocvivenncnccnncoscennesnscnsss I86-1
Copper elbows—don’t USE .....cvvvvererencercanccnnnnensse-03
Copper—hardened .........ccioiiiiiiniieninnienenreneesss 254
Copper TiNGS ....vvevieneierneroroceasasscssennsesassessssI33
Corliss engines .........c..e.ceee....I107-111-120-136-139-145-152
Corliss engine with two eccentrics............c.00...153-156-1
Corliss, Geo. H. ....iiviiiruineriiiiasnisnncnsosesesss105-177
Corliss valves ......coveiveenrrnncencenncecrocsocnnnscneeesl?
Corliss valve setting Isg
Corrosion ...... PP S
Crank pin and cross head boxes ......ceovvevneececnneeee. 149
Crank pin not central ........coeeiiiiieiiirisoreeinoanasss 118
Crank Dins—pressing ON .....ccveeeeeeeececececasnssneesss 125
Cranks out of SQUare ........ceeeveeucecncnsiosesnancans. 119
Crossheads—weak .......c.ceveeiececresccececsnsnceneesesslIf
CUrved PIPES ovvvinrinreneeoneeaeeereaseeneesensnnnnnenneess7d
1017 P %
Cut-off.........
Cylinder bushings..............
Cylinder drips . ..ovvevieeenirnrnnreeieneecnenncnnconcaneeess??
Cylinder 0ilS ....vieveeerunenenerarecncscsacsassesnennnnsessI3d
Cylinder pressure ......ce.civieeeneeoesenncoscnsncscncasons
Cylinder—smooth or rough .......eoveeveereaeneeaieeses. 131
Cylinder—water in «....veevnenenieceneocssescasncecarcess.I35
Cylinder—wear of ......c.ccoeviieireinceececceccasenenanss I3l
Dam for water SUpply .......cccevenenenrncncosiecennenses 37
Dampers .....c.uiieeieinriiireriatissasccssssescsncesces..103
Defective steam gages .........ovveeereersnsnercnncnsees32-242
Direct connected engines .........ceeevevveeseccacecscesss . IIO
Dirty streams—feed water from......cccoveeveverennvsene....38
Down draft ........civiiiiiiiiiiiieeinnecnscsecasaceeennss I
Draft—forced or induced ........coeveviveneeieennnn.. . 103-251
Draining of floors .....coviveeiieieeieeentreessenccencnnsss 50
Draining of PIPes ....uvvveviirererncerecnsoenaneansecenes. .08
Drip pi?es for cylinders ......civvvineiiinnenccrnennneeenne 79
Drop of voltage .......oivviieierneieneneeeescnenassnnnns. 253
Duplex pumps ....coviviviirarenssacocrsansonennsss21-237-230
B L 1 PP & X
EcONOmIzers .....ivievivneceveenessencsccasanncanssnnseass24l
EcONOMY ....oviviirieeetonensnncsessecsarsossacaanncanse IOB
Economy of boiler ...ooviiiiiiinerneroceacensssnsenennnnss 232
Efficiency of boiler ....ceivviiiiiiiietieeeriieanesieenes.. 221
Efficiency of engine ......cvvveveeeeeeccesecsennncnnannnss.223
Electric light engines .........coeviiennienneennareens. . 107-174
Electrical boiler cleaner ........cvvieeiiirenrnecncenncseess24
Electrical terms ......cvvvvrreevierneenecsenarosennceneesss 252
Electricity or shafting «..cecvvivveerecvescnnsnccnccnsensessIdh

303




Engine design ........c.o.iiiiiiiiiiiiiiiiiiiiiiiiieeeel L TIO
Engme effictency .... .
ngine room ° toois PR ereeenee PP {11
Equivalent evaporatlon . 25:
Erecting engines .......... ... ..l feereaeeaee IO

Estimating water pOWer ........ooveieuienieeancnnennns vee..255
Evaporation SSSRTIETRRIRPITR ceeeens e .250
Examining boards .. ......iieeiiiiiiieei 21-256-26:
Examining masonry ................ PPN ¢ ) ¢
Examination questions ..... 256-26!
Exhaust passages D
Exhaust pipes ...c.civeviveneeinn.s Cereene e e 133
Expanding metal .............ieiiiiiiiiiiiiiin ... .2560
Expansxonsmp:pes et eeeere ettt e aeaaanan vevee...61-222
Expansion of stearh ..o 0248
Expansion of wrought iron ................... creenrane ve..222
Extracting oil from water .........coieiiiiiiiiiieieaaneaa I9I
Factor of evaporation .......... R PR 33 §
Factor of safety Ceeeeeeee e e e 4
Feeding boilers ..........c..cooiiiieeill, :
Feed pipes
Feed pumpﬂsxze of R TP PR PR TES
Filtermg oils . uoueiieiiiieeaineneannnnes

Filtering water R RETRTERRTRY:
Fire brick arch .....c.....oieel

Fire tools .......... .
Firing .............. [ Ceeeeeseeeeeee.s 9-12-14-16-17
Fish oils 209
Fittings for boilers .. ..c. v iiiiiieiiiiniiirisenesnneenss 42
Flanged jJoInts ©.....ivitieiiieeeieneineccecosescecnnscseess .00
Flash testof oil ...........
Floors—draimng' of A SR
Flow of Steammt L. i e e i eeeenees 247
Fly wheels ......
Foaming - .......... cereerstsiosnoannes 234
Follower bolts.....«. 137-139
Foot valves ........0ccuovunnen PP+
Forced draft .
Foundations .......... e eteeeeeeataetaceaetateneenans .92-94

gtcmegg?dfbnck Ceerieeeneeas Creeereteeaann. RN« /4

trem, (&3 SR e 92
Framesoutof lime-.........0viiiiiiiieiiieneeieninnnne. ... 116
Frozen gage pipe .......... R P 3
Furnace plates ........cccieriiiiiiiuenineineenenns cereeees. 48
Fusible plug ...ccoovviiiiiiiiiiiinn e enn .. [ §
Gage cocks may decexve Cereehaaeas Ceeeeeee. Cereeenees ceeesse33
Gage connections ................. e N ceeee...33
Gage £1ass CUtBIS ....vvieiiniernenrnrinerasnsseaennnanss 107
Gage g1ass POINtS ..uvvvvveervnnneeneeneeeesonennonaesns.33-197
Gage—S5teaM .....icuieecnererinaiaiestattnreneeeanasns 327242
000113 (X

304




Gaskets—Ilaying OUt «..ouucieeiiiniiieriiiiieeenrnenennenss 234
Graphite o oievetvnneeneoreeeneneenneneeonnsnsnsssnnnnsass.2I2
Grate SUMfAaCe ,..uuuviiseennecnnnennsoneoennennneeseonnnnns
Grates  oiuviuiesivsoseessesocnnronenosnssnperenseneonvonss 232
Grease ...viiieerenrieninoieeeisescsnnostoneannnennennesns 25
Gridiron valves ...evveiieieiiniineenrrnyoenecnrenecnenns. JI71
(L1 LT PRI § ¥ 4
Hard patch on boiler ...ovvviiiiiiieriinnsnncnnnennennenes 234
Hardened copper ......vcvviinneniieeneoincnnennnnee . 149-254"
Heat—latent ........
Sensible ....iiiiiiiiiiiiii it it ee el .. 53
0 Y Y %

Heat units .......coviveiinennenns. ceseseensess.20-53-221
Heaters—feed water ........... ceeereene .. .00-230-240
Heating by steam ............. 4
Heating of bearings—causes .......eecceeesvenesscenncesas I5I
Heating liquids vuvevevueneienercittiesesnnrencecenernneness 70
Heating surface ......oceveeereceececcceciecsncaneecnsss.q2-228
High test 0ils v.ovviveiiieierireesncererneoornoneanennses 2l
High speed engine .......ecevvvineenncnnenncnnen..144-164-172
High steam pressure ......eeeeeeceveccssorescscecsesnness.140
Hinge joint for belt ....cocvieeeeeirencrecoeeroneennsenss..205
Holding fly wheels ...cooiveiiiiierearesenccesssraccnenenss 123
Home-made blower .......cccieviiinencnssccencesascnnncnes.Ig
Horizontal vs. Vertical engines ...cecveeeseescsscssossssans IIT
00 T T 73 §
Horse power of Delts ...cveveernsereocissseccsonssseonssss203
Horse power of boiler ...oveviiuiieiisienniriiecanernnes 227
Horse power of engine .........coiivviiiniiiiiennn... 165-252
Hot boxes and bearing metal ....covvvieuiinienirecnsnenss 147
"Hot well capacity «..cvvverreinreerreeriisscsonssacenenssss 182
Hot well temperature ........cccvvvvivvernnescscscssesesss.185
Howe, Elias ....cciviviiieertierenernsironencanassnsenees 105
Hydraulic pipINg ..ivivevnennirreserirrocnessscroscacsasses58
Idlers or tighteners ......cveviiiiierireecriernsrnesneees...108
Indicator cards ......ceeeveevieesneensnncesaosaesI52-I55-157
Induced draft .....cvvvenvinnenenneneneocenesonsseacaeenss.103
Inertia ...vviiiiiiiieiiiiieiiieieeiiieiieeitciieieeneenses 225
Injection Water .....c.cevvveiveeceeocencesncasscsseaenns. .I80
}njectprs PP X
APOMICA  tevvevesnovencssnssossoasccnncnsonscssnesansnsess 23
Jet condensers ......cciiiiiiiiiiiiiiiiiitsiiinisiiiiionss..180
Joints for PIPe ... .ceceeittreteeietieneitscttesostsinoreness.50
Joule’s experiment .....cveciiiiiiiisiiieiiiiiiinniosnesss 221
Junk ring .. ... i ieiiiiiiiiiiiiriniiainsesaiasienss140-163
Kerosene Doilers +..cviviveesonecresascrccssescossnnsonsesss23
Keys t.oviiiiiieninnans S ¢
Kilowattsl')...‘.... Cees cessecesssesaacsass 4252

tecsessserssnsacscs s




Lard 0ilS ..uiiuiiiiiiiiiiiiiiiiiiiiiiieiiiitietiisossanss 200
Latent heat ......eveiueveneerenrerrecresesnacessncssscsssss§3
Laying out @ Valve ..oceuieiiiiiiiinineeerereencacanenanosnl
Lead ...iiiiiiiiiiiiiieiiiiiii it eeiaeieaenas . 154-168-225
Leather for belts ....cvvvveiineienierneeareessssseesnaessss20l
Leaky blow-off valve ...oviiieiiieneereirnrecenonecensieanss33
Leaks in a cool boiler ..ovevuviiieieennenncserensencsaneesesd0
Leaky tubes .....ccocviiieriniiienreneessncenscsisscnseesss28
Leveling shaft .....ccovvvvnennereinnsnscencnscensnnsss . 119-129
ime .......... Y X
Lining up engine .......cccvevviiesnrrnnasnenasss. I21-125-128
Locomotive pounds ....eeeeerieneriierncnncerocnnnennsas 122
Loose glands or packing .......ceovviiieieraceecaescnenass 21
Loss by dirt and scale ....cvvvvieiiiiiiinnnnearinecnnensees 222
Loss of heat ...ovviiiiiiiiiineeeiecssecronsanaseensceses 250
Lubricants .......ccveeiiiiiiiinieiiienteneearnaneas. .150-208
Mason WOrk .....iiveeeeecioecencecennns -89
EXamining ......cccieeieniiiiascscctacscscsscsnsases QI
Mean effective Pressure ........cceeeeeecnscnscessssnssceses249
Mercury, weight of .............ov...e. B~ X
Metal for bearings ......cvivviiniierereseeiscennesseseess255
Metal that expands it coOling .i.ivieiieniieeieennenenena.s 250
Mineral 0il .......ciiiiiveinineieniaronenseessnannnenncess2l4
Mortar and cement .....
Mud in boilers .........
Neatsfoot 0il ..i.ii.iiiviiveiinernereesneeecenssienneness 200
Notes, Rules and Tables ......ccovvevieiinieninnnnn...22I-231
£ )+ Y o
Oil agents .......cviveiveiivieiveneesersnesasesecsnnessess2I0
Oil filters ....... 3
Oil in coNdensers ......coeevveiivierienreneecneensacenens...189
Oil in Water .. ..ccvviiiereeeretineeeseceneeecennenseseesesaI33
Oil MIXtULES ..vittiinirrieeesienirineeseeriosnsessnnessss2I0
Oil SepParators .......ceeeeeiesiiniesacernnssseoseensaeanss IOl
[0 1S PP & 7. .
Oiling continuously ....ccvviiiiriiiniiaiereencnnnenenness.2I4
Open heaters ........eceeieeiieieeeenesoennnnsenanoneens 24l
Overheating boilers ......cvveiieiiiintieneienenenenenne..28
Oxalic acid ...... AP 3 (¢
Packing for air pumps ....cvieeiiiiiiiiiiieniireennneee. 177
Packing sticks .:...iiiiiiiiiiiiiiiiiiiiiiiitiiereneeeneees 107
Packing with paper ........
Paper packing ......ceeecenciiiciivncenerscsacaccecaneenss 122
Pastes for polishing ...ceveeieriienneeiernrsieenennenesses2I9
Patching boilers v viiviveiivecieeeivessseeeseesoneeeensss233
Pedestal bearings
Petroleum .:..... Jiiiiissesesasnsascess200
. Picking out belts teeiiecesitesestetsceseaniaanness200
Pile driving ".:i.ici0uie
Pillow bl not ‘level

sesssecvnssens

R R R R R R A A A Y

TR TR PRI PN RIS ¢-7

306-



Pipes—steam ... ] veese 7l
Pipe threads ....cieeievnserersececacsessenssssasesssaseasssBs
Table Of vvvveveerieeneerecreeeccnssesscscsconssnsness57
Welds t.vveivrerereneecscsenssossscsassnssessssenssss85
513 T PP - -2
Piping a hotel ......covvivnieiiininnnnns
Piping a receiver .......ceceviceiicrssascennonns
Piping, expansion of ....ccocviiiiiiiiiciiiineieiinaa...61-222
Piping, hydraulic ...ccvvveeeerieeresocrenennrocecsesscesss .58
g 103 TS & 13
Piston packing Fings ......ceceveeveensscccsccssenansnanss 4l
Piston rods and follow BOItS ....cvvevrineecerireccneneenee 137
Piston rod breaks ....cceveevenreinens Ilg
Piston rod fastenings ......eevecericrescrsnesscenssosssesss I3
Piston speed ......ceeviieiiiiiriiccittncrttsasansenss 223-252
Piston t00 small ....vviiniiiinnineroiecerrernnssioeseess..120
Piston valves ......c.ciiieviecececcnccnsceccassasess..108-172
Points of compass by watch ...cceevveererncencseeacseness 255
Polishing metals .....ocvevreccecrecnsccncceccsccsscascses.2I9
Pop valves ...iieciniiicrictncensensecscccnsonsnnaess8-45-245
Poppet Valves ......vececicrenssccsscncsccrsrsecsscesssJ00-167
Potatoes as boiler cleaner ....veveveeececcesercccascisniess 2§
Pounds and their causes s..eccececssossess114-118-120-122-143
Powdered coal .......cciieeetervenncccsscecascecsssas 15250
Powder or steam PUMP «..vvvvrecaresssosesssocersnssnsssess 22
Power of engines .......ceeeecniesrsrsiocecnccrasnssensss 168
Power PUMDS . .iveiiirnreresronncasesssssesnsasessnsseness230
Power taken by DPUMDPS ...ivverrervcernenccccaeesennsesss 230
Pre-release .......... 7.3
Pressing on crank pins ....veeeiiiiisiiiiereieiieiinianies. 12
Pressure in cylinders 243
Pressure, standards of ......coiiiiiiiiinenniinineeienins.. 223
Properties of steam .....ceeienenieenernneneecneennnnas 271-275
Pulleys and RoOPES....ceveierirterterersenocssoncoronensse 242
Pulleys not put on trUe «..cvvevveereeironracarrocaceenses 130
Pulverized coal ....cciiirerreeirererecenastocicroccssseses I
Pumps ......coc00nne cereseneees21-77-226-236-230
Pumps—duplex .....cieieviriiicieiiesiiisssniaeess 2374239
Pumps for boiler feeding .....ccvevveeeencnnnrrneeinacnnns..2l
Pump, leaking piston ......cecveererersserincienieciecnesss239
Pump, power required ......cc.ceiiiiiiiiiiiiiiiniinee...230
Pumps, rule for ...oviiiiiiiiiiiiiiiiiiiiiiintiiiiiiians.. 220
Pump, slip of ....ovvviiiiiieieeireneniennseersennnenes...226
Pumps, suction for ....cieiecieecireceercrsscncsccecsanecsss??
Pumps that pound ....covveveiriirnrnnrocnsrsosccecrcnecesc22
Pump valves .......ccoiiiiiiiiiiiiiiiiiieieiiiiiieiiee 0240
Putting engine on center .......cevveceiresvercressencsesssl
Questions for examinations .........cec00ueeeenaes.. .21-256-2601
Ransom’s condenser ...........ccieeeveeccecccccecesasesssI79
Ratio of grate and heating surface............
Real boiler economy ........ccoveieenriercnaiesconcnneenss 232

307




Receiver PIpIng v oiviiveeiseseeroesaraseroessasssecneesees 81
Reversing: an-engine «......ccoeeeieviecrencicnnvoceenasss 170
Ring OllINg  vvovieieiernreieeerenereeesesseencancesneannss 216
Ropes and pulleys ....oeveieereieencecssseronnncsnnscenssaa242
Rosendale CEMENt .......vceeveervrieeennceencnrescaceneenss 84
Rough cylinders ......cccviiiiiviniinrensncnssnconeecesescI32
Rule for pumps ....c.cciiiiiinineectcenserescennsensess 227
Rules for strength of boilers ....o..oevivieviiinreiiineeneenn s
Rules, Notes and Tables .....covvvivineeeneeenennnns..221-231
Runaway engines ........ceeeeceeeeesenssesccnesescseenncs 174
Safety valves .....veeeerieeierecenaetocsacenscnsaoess 845242
Safety valve outlet .....ccoviiiiiiiiiiiriitenneransecnnases

T T Y RS X ]
Scale and mMud ......civiniiiiiiiiiiiittiiiciiiatieanees 723
Scrapers ...... PP (¢ 74
Sector of CIrcle ...cvviiiieeierrenresocorererorneassanssss.228
Segment of circle ....covviiiiiiiiiiiiiiiireiiiiieieeen....228
Segment of circle—Area of :....coovevvveerecaranen....208-270
Selecting an engine .........civevevirenensecnecriacssenens. 163
Sensible heat' .............
Separators ......ceeieielin
Set screws in fly wheels -...

Setting eccentrics ....... A PR PNPRRP (¢ |
Settings for boilers ..... B SR - ¥ |
Shaking grates ...........iveeeiciiiieciienieiinn. ceeees.233
Shimming the frame ......covciiiiiiiieninreeiennenns ....128
Side walls of boiler setting ......ccecvevvueineenernccesse. .40
Size Of WIre .ivuveiiieieneeieeeeenneseneonsonesaeanesanss 253
Slide Valves +ivvvuereeeeeereeererencesscncesceaneaneecass..I08
SHDP JOINES 4uveereneanneeneeneooencsessocscsasanncensonnseZd
SHp Of PUMP tivienieeitiniinenninrectiorenssennanennnnss 220
SMOKE ..ivviiiieerenreoeeenennnrosiesenesnsonnnsnnnss 012-14-16
Smooth cylinders ....ccevieiiinniiiieeraiieerennnnrenenans I3
Soft coal firing ...covcvevriiiiiiiniineeiiieieinnnnieana. 01217
Soft PAtChes ....cvivvveeneenereeerecenenesarennneeneanss 233
Solutions for cleaning .........ccieveeveevneernneneeennes. 219
Specifications for belts ... c.ivviviiieneeiereetenennennnee.s 207
Specifications for cement ...........c00iieiiennn.
Speed Of Delts ceeveerirereneennsonnncssosoes coraeannncnnns

Stability of chimneys .........cccciivevens ciniienennnn...262
Standards of pressure ....oiiieiiiiiiiiies ceiiiiieaeenea. 223
Starting Dars ....cuieeitiiiiittiiiitetiiiiiitereieiienaaas 159
Starting up a boiler ...vveiiiiiiiiiiiii i e e 89
Steam—Facts about ......cccevviiiiiiieiiieiiaiieenn.. .53 247
Steam gage connections «..e.eeeeeerieeceeneannnenennas tevees 38
Steam gage frOZeM ....cviieiineeneerneninnreeneanensnnees 32
Steam Zage ....cieiiiiiiiitiiitiiiiitttaeranneeateensenesa242
Steam heating .....ceiierrviirieniiaiecnnneneneernnnenneness70
Steam JACKeS +..cvvniernriineettaretctannanenseenensnenesI57
Steam packing rings .... S 727 ]
Steam PIPES . eevererienretarorracnrnntocnecnorenssecennneass?l
Steam VS. POWEr DUMD «eevveerneereoroneronencncnsnensses 22
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Steam, Properties of ......cvoevinersecnncrcncicnnsess 271-275
Steam PUMPS .« cuvvvreeevsosesssessssesssessossassevasanesses23]
Steam traps .....iviiiiiiieiiiiietiitiitsicitisescicassses 70
Steel for Doilers ...vovveiierierrreinetersccecacsesceeeness3d9
) 1 S ¢ - I
Stone and brick foundations ......cceceieieeincrieeieacenee 97
Stove blacking lubricant .......ccciveiiienrenrerenennene.. 147
Strainers .......ccecceceeoncncscrocsiesccsscssccscnssc34-30-182
Strength of boilers ......covivivieeievenneeciocsnanesneeassa30
Strength of boilers, Rules for .....coviieeivnrrnrnrcnncncessd0
B8 o3 P77 |
Suction for PUMPS +..ovievirrecernstsrsccescscrsnsnnnnneesd?
Surface cOndensers .......cceeeeceecresecencccscasnoacasssl
Sweet’s follower bBOIt ....ovvevreeceeneerencnenceraneeess 140
Syphon condensers .....cevereeeescescsescessccssasenneess 179
Tables—
Areas of CIrcles....ieceececersnnencrecsonccnsess 203267
IMNEYS .. euevveearrsrecoccrssionassssnraneenecsess . JO2
Pipe threads .....cccoeveceecencensecesececssnecncees 57
Segments Of CircleSiceeececeeceeeeesenescasees.s.208-270
Steam, Properties of.ccaveeerarercacasnorceensses27I-275
Tables, Notes and Rules .icoevevreerencscanarrasesess.22I-231
1 (0 P
Tandem compound .....cceveveevecreccccsscasscssnecssssssIZs
Tannic acid ....viiverniiinnreneencosiecsscecanssnsssnnesess23
Testing alighment .....ceveeveererciosescerecccccecssoesesI29
Testing CEMENt ...cvueeveraeeaessocseeasessesseseonssnsenes
Testing O0ils ...cveeeereseiecensiecesciiocsosronecenneess 21§
TeSting Water ....ceuevveerooesoresconesacessancsseancanneesscd
Temperature of hot well ...evueineiieiiereenereienenn. .. 185
Terminal Pressure ......oeeeeeeseeceescesessesasnennensss 225
The engine roOM ....eeeeeevserseccsscecssccaceaseassssss 105
Thickness of fire .....c.ceeeeevvnnnecnnnns RS (5 (1
Three phase WOTK .v.vvveveererernecoronesoncaceecacennsss 253
Tight belts ....cvvtieiiiiioiitieeerrerearerennenneanss..145-108
Tighteners .......ceveeeeeensessssscosesscesnccnancennaces..100
Tools for engineer .......oecvvevveeecvannnns
TrAPS ¢ uvvveeeocresncnossosooesosisncssscocsceonassnnscnnnes
Travel of valve ...cvvieviiiieentnrsreocacteoocnonnnneeness 225
Triangles . .....cieeieeeiesiesnocesccrscrsncccssosconeeness247
Trying gage €ockS ....ouveerenreeersesanecncncenecsnnseesss3dd
Tubes, Cleaning .:.....coveeveenncerecncnns

POTL 4euoueceecncsonsnosasnsnsccsanncnsansesnnnennsesdl

TOO MANY +evevrerrresresorscsesssocscsesscscascnssesd2
Twisted gUIAES .ovvnrrivieeiernnnienieneernseseeeecanensss 117
Two eccentrics on Corliss engines..................153-156-162
Unequal expansion .uecesecescrcceeess tesertreseecees 52
VacuUm . yeeeenreseanssasssccascacacnessesccssessness . I85-102
ValVes ..ccvvrcerenriessacacscncssccsscscasssssssesesss.167-173
Valves, balanced ...cceeverneenienreniereveresnecannennees 173
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Valve on Straight Line engine ....c.c.ceeeeneaccrsseseeeess.64
alve OPeNINES & ..i.eieeeretesesososcscscssccscsssessossans
Valve Setting ....cvvvereeeeseeeesevenessscenssscssesscsnss 158
Valve travel .......oiiiiiiiiieiiiiiiiiiiieesereiieneesne. 225
Valves setting, pump .....coeveiieriiiaeinnieirnineieeeee.240
Valves that SPring «v.eeeeeeenseesceaceenossrasssnscsonaness I7I
Vent valves Y X -+
Vertical engines ..........
Vertical engine exhausts ..........iveeiiieeiioeeeennese.t 133
Viscosity of 01l .uuveeviiieeeeeeennennenscovennessossas 211213
V\?lt b]zsz
aste gas botler .......ciiiiiiiiieiiiiiiiirietieiiiiiaiead 3l
Waste heat, USINZ ...veeeeveeverecnssccscosnonscneceses 26-241
Water .iiiiiiiiiiiiiieieieintesiorecsoocnns ga

34
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ssscane

Water for jet condensers ......ceeeeececcesscesssssassnesssl

Water from streams...........cuiuuieeeecnionsiisesecnnnen.

Water in cylinders .......oevviiieienieeieniieennneanena.. 135
Water Strainers .....cceecccescecvasncssassscsceseascssse34-30
Water in exhaust pipe ...ccvevvreetonsestsrcneenreeaniensns

Water in PIPES ....ivveseeieresssvecesneerscessosoessesonasd2
Water in steam DIPES .....cvcevrvrrocecssaccnsscsescensss 07
Water hammer ........ciiieieieeecersssscncessscsnscsascess?s
Water power, estimating «.....ceoceeesscscsnsescassssesss.258
Water, pressure of ......oeeveeeeevvreosnececeecesonesesns 22
Water test ...o.viiiiieeesiieneasoreneasscercasscscnnncacnnns
Water, weight of ...cvuiiiiiiiiriienineneesaoncenennnnsas 223
Watt, James . ..uvieeiiireceeeneesacerencossccasocscssacess IO5

R T R L S P 1 X §
Wear of cylinders ....oveeevevireneneesesesenssneoanoossss I3L
Welds i DPIPE «vvieervneninneeeeeesooseoonrsoeeesseencenaes
White lead vs. black lead for valves .......ceoveveveenen.. .03
Wide Belts . .uiuiriiernenieneeeroriesieneecsseeneseeonsess 202
Winter masonry ...c.ocveevennen
Wire, size of .uu.iuiiiiiiiiiieneereeriasenreesssannceensss 253
Wirthington condensers ......eeeeeececeseesesnesssonesess I82
Wright, William ....cciiitiiiieerecneeieneecnssenccscsses 107
Wrist plates .......ccieeiiieiireiieecnccnnccseceness . 154-156
‘Wrought iron, eXpansion Of «..cceeccececcosveccenceocensssa222
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INDEX TO ADDITIONAL MATTER ADDED TO THIRD
REVISED AND ENLARGED EDITION

Amsler’s planimeter.....cvvveuiviirnennenrnieneneiesenees. 287
Bachelder indicator.....ovuvviiiiieiiinnniiererannnnenneess.269
Cards will tell........ovvviiiiiiinnnnenneniennnnnnnns. 204, 295
Clearance X
Continuous Card. . iiiiiiiiiiiiiiiiiiiieiieteeeceennnenes 270
Crosby outside SPrifg...oveevesereeeeereseesesconcsnscssenes

Crosby reducing wheel.coiviiiiiiiiiiiiiiiitiiiiiiienenes. 275
Diagram ANALYSIS. cviirie ittt ciiiee i it et aaetae e e . 200
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Diagram lines.....coeevueeecerreacsncencsscessnaceacsssnses20l
Drum for continuous cards......ccveevvercererriencenneeess278
Engine room practiCe.......ccveeeeeeresnsrsonceonnsonacsess283
Figuring mean effective pressure........ccoeeeeeveoeeecee....280
How to figure indicator cards.....cccoevveeereeiieneeeen...284
How to use an indicator.....cvvvevereeerescescnrrasoncenans

Inclined bar reducing motion.....ccveeeeerreneeninecnaeeenssa272
Indicating diagrams.......coeeeveerenecocerarensccascansss 203
Indicator, Bachelder........coeiiiieeeeecnnnnercnnnnnseee...200
Indicator CONNECtionS. ....vuiveeeeeeserressseseeeaoraccaacnns

Indicator, Richards’.....cccoevieieiiiineeierennnnnennenes..204
Indicator, Thompson.....ceceeeeceeercosrseesceaneeeacnesssa205
Indicator PIPINE.....ccvevecernccesssrscceasconcenns
Indicator, Watt’s.....ccceeeeeeeneceeccersocecancasnanenes..203
Lever reducing motion....ceeveeeecerciocccescessscnsess 270
Mean effective Pressure.....cveeeeeeceseecssesncesssccesssss285
Mean effective pressure, Figuring....ccovveeeeeieeeienee....289
Ordinates method.......ccoevevverenrencenceneenncnecesss..285
Planimeter. .. ..oiiieeneiietinnceracssssssstcocasonassseass 280
Planimeter with two points.....ccoevvierererrrincicenness..289
Pantograph ....cviveviniceneriiarccesirinssinicerassensssss271
Placing the paper......cccveevecieiecinsrenneienecrieeees..284
Reducing motion, Inclined bar........ocvvveiiinrennaneenea 272
Reducing motion, Lever....cccveiiiiieinerinniniicrennenss 270
Reducing motion, TelescopiC...ovvirereacreeereenernnnessess273
Reducing motion, Wheel........cviiiiiiieniiiiiiiiennesaa274
Reducing wheel, Crosby.....cooovveiiiiiirenniiiineinnneens. 275
Reducing wheel, Tabor...ccvveiuriniirrerericnirereneeses 276
Richards’ indicator.......coeveveeeennrsnneronnsescnscnness 204
Several diagrams on one card........cocoiieiininniiecnness 279
Tabor’s pencil Motion. ..v.vvveereeierserecconsnnsesesenees 207
Tabor’s reducing wheel.......ccviiiiiiiiiniieriiniiinneeess 276
Take-up deviCe.....vviuereneroenrrsnncssoressessonecssesess2?7
Telescopic reducing motion......vvvvevieviinrncoscennneess 273
Theoretical CUIVE....vevueetteereruartosennsssenasaeanssssa202
Thompson indicator......c.veeeereereeenecneronceaenaeensss.205
Thompson parallel motion......ovvveivreieiiaeineeeinecss 200
Two indicators used.....cceveeevreeeeneeroscsenassseensss 281
Uniflow engine.......ccoveseeseeesencssssssossasssnnans .
Using the planimeter......ooovviriiririiinereccesereennnnens

Watt’s INdiCator. .. ovveeeereeeenrenesassensoscnnssneensesss 203
Wheel reducing motion.....ceeeeereressnssesasscsassasoseses274
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AUTOMOBILES—MOTORCYCLES

MODERN GASOLINE AUTOMOBILE, ITS D2-
SIGN, CONSTRUCTION AND REPAIR. By Vicroz
W. Pact. The most complete, practical and up-to-date
treatise on gasoline automobiles, explaining fully all princi-
ples pertaining to gasoline automobiles and their component
parts. It contains the latest and most reliable information
on all phases of automobile construction, operation, mainte-
nance and repair, 1917 Edition just published. o% x 73.
Cloth, 850 pages, 600 illustrations, 12 folding plates.

Price $2.60

QUESTIONS AND ANSWERS RELATING TO
MODERN AUTOMOBILE CONSTRUCTION, DRIV=
ING AND REPAIR. By Vicror W. Pack. A practi-
cal self-instructor for students, mechanics and motorists, con-
sisting of thirty-seven lessons in the form of questions and
answers, written with special reference to the requirements
of the non-technical reader desiring easily understood ex-
planatory matter relating to all branches of automobiling. A
popular work at a popular price. SY x7%. Cloth, 650
pages. 392 illustrations, 3 folding plates. 1917 Edition just
published. Price, $1.50

AUTOMOBILE REPAIRING MADE EASY. By
Victor W. Pagk. A thoroughly practical book containing
complete directions for making repairs to all parts of the
motor car mechanism. Written in a thorough but non-
technical manner. This book contains special instructions on
Tire repairing and rebuilding. Latest timing practice. Eight-
and twelve-cylinder motors, etc., etc. You will never ‘get
stuck’” on a job if you own this book. 1,000 specially made
engravings on 500 plates. 1,056 pages (5% x8). 11 foldin
plates. 1917 Edition. Price, $3.0

STARTING, LIGHTING AND IGNITION SYS-
TEMS. By Vicror W. Pactk, A practical treatise on
modern starting and ignition system practice. ~ Inciudes a
complete exposition of storage battery construction, care and
repair.  Explains all types of starting motors—generators—
magnetos and all ignition or lighting system units, Noth
ing has been omitted, no details have been slighted. Nearly
500 pages. 297 specially made engravings. 1917 Edition

Price, $1.50

THE MODEL T FORD CAR, ITS CONSTRUC-
TION, OPERATION AND REPAIR. By Vicror W.
Pact. This is a complete instruction book. All parts of tae
Ford Model T Car are described and illustrated; the con-
struction is fully described and operatingee&)rinciples made
clear to everyone. Every Ford owner needs this practical
book. 1917 Edition. 75 illustrations, 300 rges, 2 large
folding plates. ce, $1.0

HOW TO RUN AN AUTOMOBILE. By Vicror W.
Pack, This treatise gives concise instructions for starting
and running all makes of gasoline automobiles, how to care
for them, and gives distinctive features of control., Describes
every step for shifting gears, controlling engine, etc. Thor-
oughly illustrated, s Price, 81,00



AUTOMOBILE WELDING WITH THE OXY-
ACETYLENE FLAME. By M. KeitH DunuaMm. Ex-
lains in a simple manner apparatus to be uscdhits care, and
ow to construct y_shop equip t. Pr ds then
to the actual welding of all automobile parts, in a manner
understandable by everyone. Gives principles never to be
forgotten. Aluminum, cast iron, steel, copper, brass, bronze
and malleable iron are fully treated, as well as a clear ex-
planation of the proper manner to burn the carbon out of
the combustion head. This book is of utmost value, since
the perplexing problems arising when metal is heated to a
melting point are fully explained and the proper methods to
overcome them shown., 16/ pages, fully illustrated.

Price, $1.00

THE AUTOMOBILIST’S POCKET COMPANION
AND EXPENSE RECORD. By Victror W. Pact.
This book is not only valuable as a convenient cost record
but contains much information of value to motorists.  In-
cludes a condensed digest of auto laws of all States, a lubri-
cation schedule, hints for care of storage battery-and care of
tires, location of road troubles, anti-freezing solutions, horse-
power table, driving hints and many useful tables and recipes
of interest to all motorists. Not a technical book in any
sense of the word, just a collection of practical facts in sim-
ple language for the everyday motorist. Convenient pocket
size. Price, $1.00

MOTORCYCLES, SIDE CARS AND CYCLE.
CARS, THEIR CONSTRUCTION, MANAGEMENT
AND REPAIR. By Vicror W. Pact, Describes fully
all leading types of machines, their design. construction,
maintenance, operation and repair. 550 pages. 350 speciall
made illustrations, 5 folding plates. Price, $1.5

AUTOMOBILE CHARTS

LOCATION OF GASOLINE ENGINE TROUBLES
MADE EASY. This chart shows clearly all parts of a
typical four-cylinder gasoline engine of the four-lc\frcle type.
It simplifies location of all engine troubles. o details
omitted. Size 25 x 38 inches. Securely mailed on receipt of

Price, 25 cents

LOCATION OF CARBURETION TROUBLES
MADE EASY. It shows clearly how to find carburetion
troubles and names all defects liable to exist in the various

arts. Instructions are given for carburetor adjustment.
ize 24 x 38 inches Price, 25 cents

LOCATION OF IGNITION SYSTEM TROUBLES
MADE EASY. In this chart all parts of a typical double
ignition system using battery and magneto current are shown,
and suggestions are given for readily finding ignition troubles
and eliminating them when found. Size 24 x 38 inches.

rice, 25 cents

LOCATION OF ENGINE COOLING AND LUB-
RICATING TROUBLES MADE EASY. This is a
combination chart showing all components of the approved
form of water cooling group as well as a modern engine lu-
brication system. It shows all points where defects exist
that may result in engine overheating, both in cooling and
oiling systems, Size 24 x 38 inches, Price, 25 cents

4



LOCATION OF FORD ENGINE TROUBLES
MADE EASY. Chart shows clear sectional views depict-
ing all portions of the Ford power plant and auxiliary groups.
It outlines clearly all parts of the engine, fuel supply sys-
tem, ignition group and cooling system, that are apt to give
trouble, detailing all derangements that are liable to make an
engine lose power, start hard or work irregularly. This
chart simplifies location of all engine faults. Size 25x38
inches. Price, 25 cents

LUBRICATION OF THE MOTOR CAR CHASSIS.
This chart presents the plan view of a typical six-cylinder
chassis of standard design and outlines all important bear-
ing points requiring lubrication, and is a valuable guide to
the correct lubrication of any modern car. A practical chart
for all interested in motor car maintenance. Size 24 x 38
inches. Price, 25 cents

LOCATION OF MOTOR CYCLE TROUBLES
MADE EASY. This chart simplifies location of all power
plant troubies and will prove of value to all who have to do
with the operation, repair or sale of motorcycles. No details
omitted. Size 30 x 20 iriches. Price, 25 cents

BRAZING AND SOLDERING

BRAZING AND SOLDERING. By Jaues F.
Homarr. The only book that shows you just how to handle
any job of brazing or soldering that comes along; it tells
you what mixture to use, how to make a furnace if you
need one. Full of valuable kinks. The fifth edition of this
book has just been published, and to it much new matter
and a large number of tested formulas for all kinds of
solders and fluxes have been added. Illustrated. 28 cents

CHARTS

MODERN SUBMARINE CHART—WITH 200
PARTS NUMBERED AND NAMED. A cross-section
view, showing clearly and distinctly all the interior of a
submarine of the latest type. No details omitted—everything
is accurate and to e, chart is_really an encyclo-
pedia of a submarine. ice, 23 cents

BOX CAR CHART. A chart showing the anatomy of
a box car, having every part of the car numbered and its
proper name given in a reference list. Price, 23 cents

GONDOLA CAR CHART. A chart showing the
anatomy of a gondola car, having every part of the car
numbered and its proper reference name given in a refer-
ence list. Price, 23 cents

PASSENGER CAR CHART. A chart showing the
anatomy of a passenger car, having every part of the car
numbered and its proper name given in a reference list.

ce, 205 cents
6



STEEL HOPPER BOTTOM COAL CAR. A chart
showing the anatomy of a steel hopper bottom coal car,
having every part of the car numbered and its proper name
given in a reference list. R Price, 25 cents

TRACTIVE POWER CHART. A chart whereby
you can find the tractive power or drawbar pull of any loco-
motive without making a figure, Shows what cylinders are
equal, how driving wheels and steam pressure affect the

wer. What sized engine you need to exert a given draw-

r pull or anything you desire in this line, 50 cents

HORSE POWER CHART. Shows the horse power
of any stationary engine without calculation. No matter
what the cylinder diameter of stroke, the steam pressure or
cut-off, the revolutions, or whether condensing or non-con-
densing, it’s all there. Easr to use, accurate and saves time
and calculations, Especially useful to engineers and de-
signers. Price, 50 cents

BOILER ROOM CHART. By Geo. L. FowrLer. A
art—siee 14 x 28 lnches—showing in isometric perspective
e m ;r:s bm’oing in ‘a geodm boiler room. This
?n y af iler_room— names
of more tRaa 305 patis g given, Prios, oenits

COMPRESSED AR
e ey

COMPRESSED AIR IN ALL ITS AFPLICA-
TIONS. By Garonpr D. Hiscox. This is the most com-
plete book on the subject of air that has ever been issued,
and its thirty-five chapters include about every phase of the
subject one can think of. It may be called an encyclopedia
of compressed air. It is written by an expert, who, in its
665 pages, has dealt with the subject in a comprehensive
manner, no phase of it being omitted. Over 500 illustra-
tions. Fifth Edition, revised and enlarged. Cloth bound
$5.00. Half Morocco, Price, $6.5

This is the standard work on this important subject.

CONCRETE

COONCRETE WALL FORMS. By A. A. HoucHroN.
A new automatic wall clamp is illustrated with working
drawings. Other types of wall forms, clamps, s?antors.
etc., are also illustrated and explained. Price, 50 cents

CONCRETE FLOORS AND SIDEWALKS. By
A. A, HougrroN. The molds for molding squares, hexagonal
and many other styles of mosaic door and sidewalk mb
are fully illustrated and explained. Price, 50 cents

PRACTICAL CONCRETE SILO CONSTRUC=-
TION. By A. A. HougrroN, Complete working drawings
and specifications are given for several styles of concrete
silos, with illustrations of molds for monolithic and block
silos. The tables, data, and information presented in this
book are of the utmost value in planning and constructing
all forms of concrete silos, i’rlce, 50 cents
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MOLDING CONCRKTE BATH TUBS, AQUAR-
ITUMS AND NATATORIUMS. By A. A. HoucHron.
Simple molds and instruction are given for molding differ-
ent styles of concrete bath tubs, swimming pools, etc.

Price, 30 cents

MOLDING CONCRETE CHIMNEYS, SLATH
AND ROOF TILES. By A. A. HouecuroN, The manu-
facture of all types of concrete slate and roof tile is fully
treated. Valuable data on all forms of reinforced concrete
roofs are contained within its pages. The construction of
concrete chimneys by block and monolithic systems is fully
illustrated and described. A number of ornamental desi
of chimney construction with molds are shown in this
valuable treatise, Price, 50 cents

MOLDING AND CURING ORNAMENTAL CON-
CRETE. By A. A, HouGcuron, The proper proportions
of cement and aggregates for various finishes, also the meth-
ods of thorougehiz mixing and placing in the molds, are fully
treated. An austive treatise on this subject that every
concrete worker will find of daily use and value.

ce, 50 cents

CONCRETE MONUMENTS, MAUSOLEUMS AND
BURIAL VAULTS. By A. A. HoucatoN. The mold-
ing of concrete monuments to imitate the most expensive
cut stone is explained in this treatise, with working draw-
ings of easily built molds. Cutting inscriptions and designs
is also fully treated. rice, 50 cents

CONCRETE BRIDGES, CULVERTS AND SEW-
ERS. By A. A, HougHTON. A number of ornamental con-
crete bridges with illustrations of molds are given. A col-
lapsible center or core for bridges, culverts and sewers is
fully illustrated with detailed instructions for building.

Price, 50 cents

CONSTRUCTING CONCRETE PORCHES. By
A. A. HougHTON. A number of designs with working draw-.
ings of molds are fully explained so any one can easily con-
struct different styles of ornamental concrete porches with-
out the purchase of expensive molds. Price, 50 cents

MOLDING CONCRETE FLOWER POTS,
BOXES, JARDINIERES, ETC. By A. A, HouGHTON,
The molds for producing many original designs of flower
pots, urns, flower boxes, jardinieres, etc., are fully illustrated
and explained. so the worker can easily construct and operate
same. Price, 50 cents

MOLDING CONCRETE FOUNTAINS AND
LAWN ORNAMENTS. By A. A. HoucHToN. The
molding of a number of designs of lawn seats, curbing, hitch-
ing posts, pergolas, sun dials and other forms of ornamental
concrete, for the ornamentation of lawns and grdem. is
fully illustrated and described. . Price, 50 ceata

CONCRETE ON THE FARM AND IN THE
SHOP. By H., CoLvin CameserL. This is a new book
from cover to cover, illustrating and describing in plain,
simple language many of the numerous appliances of concrete
within the range of the home worker, 150 pages, 51 illus-
trations. gy ~, - - - 7 Price, 75 cents



OONCRETE FROM SAND MOLDS. By A. A,
HoucaToN, A practical work treating on a process which
has herctofore been held as a trade secret by the few who
it, and which will successfully mold every and any

class of ornamental concrete work. e process of molding
concrete with sand molds is of the utmost practical value,
possessing the manifold advantages of a low cost of molds,
the ease and rapidity of operation, perfect details to all orna-
mental designs, density and ingreased strength of the con-
crete, perfect curing of the work without attention and the
easy removal of the molds regardless of any undercutting
the design may have. 192 pages. Fully illustrated. Cloth.
Price, $2.00

ORNAMENTAL OCONOCRETE WITHOUT
MOLDS., By A. A. Houguron. The process for making
ornamental concrete without molds has long been held as a
secret, and now, for the first time, this process is given to
the public. The k reveals the secret and is the o
book published which explains a simple, practical meth
whereby the concrete worker is enabled, by unplozin;
wood and metal templates of different designs, to mold or
model in concrete any cornice, archivolt, column, pedestal,
base cap, urn or pier in a monolithic form—right upon the
f;Ob' hese may be molded in units or blocks, and then
uilt up to suit the specifications demanded. This work is
fully illustrated, with detailed engravings. Cloth.

Price, $2.00

POPULAR HANDBOOK FOR CEMENT AND
CONCRETE USERS. By MyroNn H. Lewrs. Everything
of value to the concrete user is contained, including kinds
of cement employed in construction, concrete architecture,
inspection and testing, waterproofing, coloring and painting,
rules, tables, working and cost data. The book comprises
thirty-three chapters. A valuable addition to the library of
every cement and concrete user, Cloth, 430 pages, 126 illus-
trations. Price, $2.50

WATERPROOFING CONCRETE. By Myzon H.
Lzwis. Modern methods of waterproofing concrete and other
structures. A condensed statement of the principles, rules
and precautions to be observed in watqr;l)rooﬁng and damp-
roofing structures and structural materials. Paper b 3
Yuutnzed. Second Edition, Price, 50 cents

DIES—METAL WORK

PUNOCHES, DIES AND TOOLS FOR MANUFAC.
TURING IN PRESSES. By J. V. WoobworTH. An
encyclopedia of die-making, punch-making, diesinking, sheet.
metal working, and making of special tools, subpresses, de.
vices and mechanical combinations for punching, cutting,
bending, forming, piercing, drawing, compressing, and assem-
bling sheet-metal parts and also_articles of other materials
in machine tools. This is a distinct work from the author’s
book entitled “Dies; Thseg wgonstmctionqmg. se.” 500
pages, engravings. edition.

700 Price, $4.00



DIES, THEIR CONSTRUCTION AND USE FOR
THE MODKERN WORKING OF SHEET METALS,
By J. V. WoopworTH. A new book by a practical man, for
those who wish to know the latest practice in the workin

of sheet metals. It shows how dies are designed, made and.

used, and those who are engaged in this line of work can
secure many valuable suggestions. Fifth edition. 505 illus-
trations, 384 pages. Cloth, Price, $3.00

DROP FORGING, DIE-SINKING AND MA-
CHINE-FORMING OF STEEL. By J. V. WooDWORTH,
The processes of die-sinking and force-making, which are
thoroughly described and illustrated in this admirable work,
are rarely to be found explained in such a clear and con-
cise manner as is here set forth, The process of die-sink-
ing relates to the engraving or sinking of the female or lower
dies, such as are used for drop forgings, hot and cold
machine forging, swedging and the press working of metals.
The process of force-making relates to the engraving or
raising of the male or upper dies used in producing the lower
dies for the oress-formmg and machine-forging of duplicate

rts of metal. The book contains eleven chapters, and the
nformation contained in these chapters is just what will
prove most valuable to the forged-metal worker. All opera-
tions described in the work are thoroughly illustrated by
means of perspective half-tones and outline sketches of the
machinery employed. 300 detailed illustrations. 339 pages,
cloth, Price, $2.50

DICTIONARIES

STANDARD ELECTRICAL DICTIONARY. By
T. O’CoNor SLOANE. A practical handbook of reference con-
taining definitions of about 5,000 distinct words, terms and
phrases. The definitions are terse and concise and include
every term used in electrical science. Recently issued,
Tweifth Edition. 682 pages, 393 illustrations. Price, $3.00

DRAWING —SKETCHING PAPER

LINEAR PERSPECTIVE SELF-TAUGHT. By
Herman T. C. Kraus. This work gives the theory and
practice of linear perspective, as used in architectural, engi-
neering and mechanical drawings, The arrangement of the
book is good; the plate is on the left-hand, while the descrip-
tive text follows on the opposite page, so as to be readily
referred to. The drawings are on suﬂ%ciently largf scale to
show the work clearly and are plainly figured. he whole
work makes a very complete course on perspective dmwm%
Cloth. Price, $2.5

SELF-TAUGHT MECHANICAL DRAWING
AND ELEMENTARY MACHINE DESIGN. By F.
L. Svivester, M.E., Draftsman, with additions by i:rik
Oberg, associate editor of ‘“Machinery.” A practical ele-
mentary treatise on Mechanical Drawing and Machine De-
sign, comprising the first principles of g ric and han-
ical drawing, workshop mathematics, mechanics, strength of
materials and the calculation and design of machine details,
con?iled for the use of practical mechanics and un,
draftsmen. 330 pages, 215 engravings, cloth, Price, ’y;.o

]




A NEW SKETCHING PAPER. A new specially
ruled paper to enable you to make sketches or drawxn? in
isometric perspective without any figuring or fussing. It is
being usecr for shop details as well as for assembly drawings,
as it makes one sketch do the work of three, and no work-
man can help seeing just what is wanted. Pads of 40 sheets,

6 x 9 inches, Price, 23 cents
9 x 12 inches, Price, 50 cents
12 x 18 inches, Price, $1.00

PRACTICAL PERSPECTIVE. By Ricrarps and
CoLvinN, Shows just how to make all kinds of mechanical
jrawings in the only practical perspective isometric. Makes
everything plain so that any mechanic can understand a
sketch or drawing in this way. Saves time in the drawing
room and mistakes in the shops. Contains practical exam-
ples of various classes of work., Third edition. Limp
cloth. Price, 50 cents

ELECTRICITY

ARITHMETIC OF ELECTRICITY. By Psor. T.
O’Conor SrLoaNE, A practical treatise on electrical calcula-
tions of all kinds reduced to a series of rules, all of the
simplest forms, and involving only ordinary arithmetic; each
rule illustrated by one or more practical problems with de-
tailed solution of each one, This book is classed among the
most useful works published on_the science of electricity,
covering as it does the mathematics of electricity in a man-
ner _that will attract the attention of those who are not
familiar with algebraical formulas. 160 pages. Twenty-first
edition. Cloth. Price, $1.00

DYNAMO BUILDING FOR AMATEURS, OR
IIOW TO CONSTRUCT A FIFTY WATT DY~
NAMO. By AertHur J. WEED, A practical treatise show-
ing in detail the construction of & small dynamo or motor,
the entire machine work of which can be done on a small
foot lathe, Dimensioned working drawings are given for
each piece of machine work, and each operation is clearly
described, This machine, when used as a dynamo, has an
‘output of fifty watts; when used as a motor it will drive a
small drill press or lathe. It can be used to drive a sewing
machine on any and all ordinary work. The book is illus-
trated with more than sixty original engravings showing the
actual construction of the_different parts.
rice, paper binding, 50 centsas Cloth, $1.00

ELECTRIC WIRING, DIAGRAMS AND
SWITCHBOARDS. By NewroN Harrison. This is the
only complete work issued showing and telling you what you
should know about direct and alternating current wiring. It
is a ready reference. The work is free from advanced tech.
nicalities and mathematics, arithmetic being used throughout.
It is in_every respect a handy, well-written, instructive, com-
prehensive volume on wiring for the wireman, foreman, con‘
tractoreor electrician, 272 pages, 105 illustrations, Cloth,

: Prices $1.50
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COMMUTATOR OONSTRUCTION. By Wx. Bax.
Jr. The business end of any dynamo or motor of the
direct current type is the commutator. This book goes into
the designing, building and i o 8,
shows. how te locate troubles and how to remedy them;
everyene who fusses with dynamos needs this. Fourth edi-
tion. Price, 25 cents

STORAGE BATTERIES SIMPLIFIED. By VICTOR
W. PAGE. Tells how to charge, care for and rebuild storage
batteries. also outlines all the industrial uses. Tells how they
run street cars, locomotives and factory trucks, Theimportant
functions they perform in submarine boats, isolated lighting
plants, railway switch and signal systems, marine applications,
etc, Tells how they are used for starting automobile motors
and in ignition systems., Every practical use of the modern
storage battery is treated. Price, 81.50

ELECTRIC LIGHTING AND BEATING POCK-
ET BOOK. By Svonezy F. Warkzr. This book puts in
convenient form useful information regarding the apparatus
which is likely to be attached to the mains of an_ electrical
company. Tables of units and equivalents are included and
useful electrical laws and formul are stated. 438 pages,
300 engravings. Bound in leather. Pocket book form.

Price, $3.00

ELECTRIC TOY MAKING, DYNAMO BUILD-
ING, AND ELECTRIC MOTOR CONSTRUCTION.
This work treats of the making at home of electrical toys,
electrical apparatus, motors, dynamos and instruments in
general, and is designed to bring within the reach of youn,
and old the manufacture of nuine_and useful electrical
appliances. 210 pages, cloth. lly illustrated. Twentieth
edition, enlarged. Price, $1.00

PRACTICAL ELECTRICITY. By Pror. T.
O’Conor Sroane, This work of 768 es was previously
known as Sloane’s Electricians’ Hand o‘oi, and is intended
for the practical electrician who has to make things go.
‘The entire field of electricity is covered within its pages.
It contains no useless theory; everzthing is to the point. It
teaches you just what you should know about electricity. It
ii the sta;\l oard work publ;sGhIed on thﬁ. sg:)g&ti ll;‘:rt):l-one
chapters engravin, ages, ndsome! und in
cloth,  Third edition, = P ce, $2.50

ELECTRICITY SIMPLIFIED. By Pgor. T.
O’Conor Sroane, The object of “Electricity Simplified” is
to make the subject as plain as possible and to show what
the modern conception of electricity is; to show how two
plates of different metals immersed in acid can send a mes-
sage around the globe; to explain how a bundle of copper
wire rotated by a steam engine can be the agent in lightin,
our streets, to tell what the volt, ohm and ampere are, an
what high and low tension mean; and to answer the ques-
tians that perpetually arise in the mind in this age of elec-
trieity, 172 pages. Illustrated. Thirteenth edition. Lloth,

1 Price, $1.00



- HOUSE WIRING. By Tuomas W. Popre. Describing
and illustrating up-to-date methods of installing electric light
wiring. Intended for the electrician, helper and apprentice.
Contains just the information needed for successful wiring
of a_ building. Fully illustrated with diagrams and plans.
It solves all wiring problems and contains nothing that con-
flicts with the rulings of the National Board of Fire Under-
writers. It gives just the information essential to the suc-
cessful wiring of a building. 125 pages, fully illustrated,
flexible cloth. Price, 50 cents

MANAGEMENT OF DYNAMOS. By Lumuis-Par-
zesoN. A handbook of theory and practice. This work is
arranged in three parts. The first part covers the elementary
theory of the dynamo. The second part, the construction
and action of the different cl of dy in
use are described; while the third part relates to such
matters as affect the practical management and working of
dynamos and motors. Fourth edition. 292 pages, 117 ﬁus-
trations, Price, 8$1.50

ELECTRICITY IN FACTORIES AND WORK-=~-
SHOPS. Its cost and convenience. A hand¥, book for
gowef producers and power users. By ArTHUR P. Hasram.

% x 8. Cloth, 312 pages, 70 illustrations. Price, $2.50

HOW TO BECOME A SUCCESSFUL ELECTRI-
CIAN. By Pror..T. O’CoNor SroaNE. An interesting book
from cover to cover, Telling in simplest lan7uage the surest
and .easiest way to become a successful electrician. The
studies to be followed, methods of work, field of operation
and the requirements of the successful electrician are pointed
out and fully explained. 202 pages. Illustrated. Eighteenth
revised edition. Cloth. Price, $1.00

STANDARD ELECTRICAL DICTIONARY. By
Pror. T. O’CoNor SLOANE. A practical handbook of refer-
ence containing definitions of about 5,000 distinct words,
terms and phrases. The definitions are terse and concise and
include every term used in electrical science. Twelfth edi-
tion. 682 pages, 393 illustrations. Price, $3.00

SWITCHBOARDS. By WiiLian Baxter, Jr. This
book appeals to every engineer and electrician who wants to
know the practical side of things. All sorts and conditions
of dynamos, connections and circuits are shown by diagram
and illustrate just how the switchboard should be connected.
Includes direct and alternating current boards, also those
for arc lighting, incandescent and power circuits, Special
treatment on high voltage boards for power transmission.
Second edition. 190 pages. Illustrated. Price, $1.50

TELEPHONE CONSTRUCTION, INSTALLA-
TION, WIRING, OPERATION AND MAINTE-
NANCE. By W. H. RaocrLirre and ‘H. C. CusHing. This
book gives the principles of construction and operation of
both the Bell and Independent instruments; approved meth-
ods of installing and wiring them; the means of protecting
them from lighting and abnormal currents; their connection
together for operation as series or bridging stations; and
rules for their pection and t ine wiring and
the wiring and operation of special telephone systems are
also treated. 224 pages, 132 illustrations, Second revised
edition. Price, $1.00
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WIRELESS TELEGRAPHY AND TELEPHONY

'SIMPLY EXPLAINED, By Airsep P. Mogcax. ~ This

is undoubtedly one of the most complete and comprehen-
sible treatises on the subject ever published, and a close
study of its pages will enable one to master all the details
of the wireless tr i of The author has
filled a long-felt want and has succeeded in fumishing a lucid,
comprehensible explanation in simple language of the theory
and practice of wireless telegraphy and telephony. 154 pages,
156 engravings. rice, Qpi'.oo
WIRING A HOUSE. By Herserr Pratr. Shows a
house already built; tells_just how to start about wiring it;
where to begin; what wire to use; how to run it accord-
ing to insurance rules; in fact, just the information you
need. Directions apply equally to a shop. Fourth edition.
ee, 25 cents

ENAMELING

HENLEY’S TWENTIETH CENTURY RE-
CEIPT BOOK. Edited by Garoner D. Hiscox. A work
of 10,000 practical receipts, including enameling receipts for
hollow ware, for metals, for signs, for china and fl)orcelain,
for wood. etc. Thorough and practical. 1914 edition.

\ Price, $3.00

FACTORY MANAGEMENT, ETC,

MODERN MACHINE SHOP CONSTRUCTION,
EQUIPMENT AND MANAGEMENT. By O.
Perrico, M.E. A work designed for the practical and every-
day use of the architect who designs, the manufacturers who
build, the engineers who_plan and equip, the superinten-
dents who organize and direct, and for the information of
every stockholder, director, oﬂ{cer, accountant, clerk, super-
intendent, foreman and workman of the modern machine
shop and manufacturing plant of Industrial America.
Price, $5.00
FUEL

COMBUSTION OF COAL AND THE PREVEN-
TION OF SMOKE. By Wux. M. Barz. This book has
been prepared with special reference to the generation of
heat by the combustion of the common fuels found in the
United States, and deals particularly with the conditions
necessary to the ic and kel bustion of
bituminous coals in stationary and locomotive steam boilers,
The presentation of this important subject is systematic and
progressive. ‘I'he arrangement of the book is in a series of
practical questions to which are appended accurate answers,
which describe in language, “vee from technicalities, the sev-
eral processes involved in the furnace combustion of Amer-
ican fuels; it clearly states the essential requisites for -
fect combustion, and points out the best methods for m-
nace construction for obtaining the geateat quantity of heat
from any given quality of coal, early 350 pages, fullg
illustrated. Fifth edition. Price, $1.0

SMOKE PREVENTION AND FUEL ECONOMY.
By Boorn and KersHAwW. As the title indicates, this book
oty 197 pages and 75 illustrations deals with the problem of
complete combustion, which it treats from the chemical and
mecganieal standpoints, besides pointing out the economical
and humanitarian aspects of the question, Price, $2.50
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GAS ENGINES AND GAS

¢ - GAS ENGINE CONSTRUCTION, Or How to Build
a Half-Horse-power Gas Engine, By Parserr and Wero,
A practical treatise describing the theory and grinctplet‘of
the action of gas eng of various types, and the design
and construction of a half-horse-power gas engine, with illus-
trations of the work in actual progress, together with dimen-
sioned working drawings giving clearly the sizes of the vari-
ous details, 300 pages. ird edition, Cloth, Price, $23.80

CHEMISTRY OF GAS MANUFACTURE. By H.
M. Rovres. This book covers points likely to arise in the
ordinary course of the duties of the engincer or manager of
a gas works not large enough to necessitate the employment
of a separate chemical staff. It treats of the testing of the
raw materials employed in the manufacture of illumuutmi
coal gas and of the gas produced. The preparation of
standard solutions is given as well as the chemical and physi-
eal examination of gas coal. 53 x834. Cloth, 328 pages, 82
illustrations, 1 colored plate. i’rlce, ﬁ.so

THE GASOLINE ENGINE ON THE FARM:
ITS OPERATION, REPAIR AND USES. By Xzno
W. PurnaM. A useful and practical treatise on the modern
gasoline and kerosene engine, its construction, manniiemen.t,
repair and the many uses to which it can be applied in
present-day farm life. It considers all the various household,
shop and field uses of this up-to-date motor and includes
chapters on engine installation, power transmission and the
best arran ent of the power plant in reference to the
work. 5% x73% Cloth, 527 pages, 179 illustrations.

v Price, $2.00

JGASOLINE ENGINES: THEIR OPERATION,
USE AND CARE. By A. Hyarr VerriLL. A comprehen-
sive, simple and practical work, treating of gasoline engi
for stationary, marine or vehicle use; their construction, de-
sign, management, care, operation, repair, installation and
trouf)les. A complete glossary of technical terms and an alpha-
betically arranged table of troubles and symp orm a
most valuable and unique feature of the ‘ook. 5% x7%.
Cloth, 275 pages, 152 illustrations, Price, $1.50

GAS, GASOLINE AND OIL ENGINES. By Garpo-
wEr D. Hiscox. Revised by Victor W. Pacg. Just issued
new, revised and enlarged edition. Every user of a gas
engine needs this book.  Simple, instructive and right up-
to-date, The only complete work on the subject. ells all
about internal combustion engineering, treating exhaustivel
on the design, construction and practical application of all
forms of gas, gasoline, kerosene and crude petroleum-oil en-
fines. Describes minutely all auxiliary systems, such as
ubrication, carburetion and ignition, onsiders the theory
and management of all forms of explosive motors for sta-
tionary and marine work, automobiles, aeroplanes and motor-
cycles. Includes also Producer Gas and Its Production.
Invaluable instructions for all students, gas-engine owners,
gas-engineers, patent experts, designers, mechanics, drafts-
men and all having to do with the modern power. Illustrated
by ovgr‘qoo engravings, many specially made from engineer-
ing dfawings, all in correct proportion. 650 pages, 435 en-
gravings, ~ = 14 Price, ne(, $2.50




MODERN GAS ENGINES AND PRODUCER
GAS PLANTS. By R. E. Marmor, M.E. A practic
treatise of 320 pages, fully illustrated ﬁy 175 detailed illus-
tx'ation:a setting forth the principles of gas engines and pro-
ducer design, the selection and installation of an engine,
conditions 9f . perfect operation, producer-gas engines and
their possibilities, the care of gas engines and producer-gas
plants, with a ciupter on vol:tileul:lydrocarbon and oil en-
gines. This book has been endor: by Dugal Clerk as a
most useful work for all interested in gas engine installation
and producer gas. ce, $2.50

HOW TO RUN AND INSTALL GASOLINE
ENGINES. By C. Vox CuLiN. New revised and enlarged
edition just issued. The object of this little book is to fur-
nish a pocket instructor for the beginner, the busy man who
uses an engine for pleasure or profit, but who does not
have the time or inclination for a technical book, but sim-
ply to thoroughly understand how to properly operate, install
and care for his own engine. The index refers to each
trouble, remedy and subject alphabetically. Being a quick
reference to find the cause, remedy and prevention for
troubles, and to become an expert with his own engine.

ocket size.  Paper binding. Price, 25 cents

MODERN GAS TRACTOR, ITS CONSTRUC-
TION, UTILITY, OPERATION AND REPAIR.
By Viacror W. Pack. Treats exhaustively on the design and
construction of farm tractors and tractor power-plants, and
gives complete instructions on their care, operation and re-
pair. All types and sizes of gasoline, kerosene and oil
tractory are described, and every ?hase of traction engineer-
ing practice fully covered. Invaluable to all desiring re-
liable information on motor gropelled traction engines
and their use. 5% x7}2t' Cloth. 475 pages, 204 illustrations,
3 folding plates. Price, $2.00

GEARING AND CAMS

BEVEL GEAR TABLES. By D. Ac. Excstron,
No one who has to do with bevel gears in any way should
be without this book. The designer and draftsman will find
it a %reat convenience, while to the machinist who turns up
the blanks or cuts the teeth, it is invaluable, as all needed
dimensions are given and no fancy figuring need be done.
Third edition. oth, Price, $1.00

CHANGE GEAR DEVICES. By Oscar E. Pesrico.
A book for every designer, draftsman and mechanic who is
interested in fe changes for any kind of machines. This
shows what has been done and how. Gives plans, patents
and all information that you need. Saves huntin rough
patent records and reinventing old ideas, A standard work
of reference. Cloth. Price, $1.00

DRAFTING OF CAMS. By Lours Rourrrion, The
laying out of cams is a serious problem unless you know how
to ﬁo at it right. This puts you on the right road for prac-
tically any kind of cam you are likely to run u, nst,
Thirx edition, Price, 25 cents
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HYDRAULICS

HYDRAULIC ENGINEERING. By Garoxzz D,
Hiscox. A treatise on the properties, power, and resourceg
of water for all purposes. Including the measurement of

; the flow of water in pipes or conduits; the horse-
power of falling water; turbine and impact water-wheels;
wave-motors, centrifugal, reciprocating and _air-lift pumps.
With 300 figures and diagrams and 36 practical tables. 320
pages, Price, $4.00

ICE AND REFRIGERATION

POCKETBOOK OF REFRIGERATION AND
ICE MAKING. By A. J. WarLis-Tavror. This is one of
the latest and most comprehensive reference books published
on the subject of refrigeration and cold storage, It explains
the properties and refrigerating effect of the different fluids
In use, the management of refrigerating machinery and the
construction and insulation of cold rooms with their required
pipe surface for different degrees of cold; freezing mixtures
and non-freezing brines, temperatures of cold rooms for all
kinds of provisions, cold storage charges for all classes of

oods, ice making and storage of ice, data and memoranda
?or constant reference by refrigerating engineers, with nearly
one hundred tables containing valuable references to every
fact and condition required in the installment and ec:feration
of a refrigerating plant. New edition just published.
Price, $1.50

INVENTIONS—PATENTS

INVENTOR’S MANUAL, HOW TO MAKE A
PATENT PAY. This is a book designed as a guide to
inventors in Jberfecting their inventions, taking out their
gatents, and disposing of them. It is not in any semse a

atent Solicitor’s circular nor a Patent Broker’s advertise-
ment. No advertisements of any description appear in the
work, It is a book containing a quarter of a century’s ex-
perience of a successful inventor, together with notes based
upon the experience of many other inventors. Revised edi-
tion. 120 pages. Cloth, Price, $1.00

KNOTS

KNOTS, SPLICES AND ROPE WORK. By A,
Hyarr Verrmr, This is a practical book giving complete
and simple directions for making all the most useful and orna-
mental knots in common use, with chapters on Splicing,
Pointing, Seizing, Serving, etc. This book is fully illus-
trated with one hundred and fifty ori%inal engravings, which
ehows how each knot, tie or splice is formed, and its appear-
ance when finished. The book will be found of the greatest
value to eampers, yachtsmen, travelers or Boy Scouts, in
fact, to anyone having occasion to use or handle rope or
kmots for any purpose. The book is thoroughly reliable and
practical, and 1s not only a guide but a teacher. It is the
standard work on the subject. 118 pages, 150 on_final en-
gravings, 16 Price, 75 cents



LATHE WORK

TURNING AND BORING TAPERS. By fzep H,
CorviN. There are two ways to turn tapers; the right way
and one other. This treatise has to do with the right way;
it tells you how to start the work properly, how to set the
lathe, what tools to use and how to use them, and fo and
one other little things that you should follow. Fou edi-
tion. Price, 25 cents

LATHE DESIGN, CONSTRUCTION, AND
OPERATION, WITH PRACTICAL Ex‘MPL‘ES
OF LATHE WORK. By Oscaz E. Perrico. A New revised
edition, and the only complete American work on the subject,
written by a man who knows not only how work ought to be
done, but who also knows how to do it, and how to convey
this knowledge to others. It is strictly up-to-date in its de-
scriptions and illustrations, Lathe history and the relations
of the lathe to manufacturing are given; also a description of
the various devices for feeds and thread cutting mechanisms
from early efforts in this direction to the present time. Lathe
design is thoroughly discussed, including back Faring, driving
cones, thread-cutting gears, and all the essential element of the
modern lathe. The classification of lathes is taken up, giving
the essential differences of the several types of lathes including,
as is usually understood, engine lathes, bench lathes, speed
lathes, forge lathes, gap lathes, pulley lathes, forming lathes,
multiple-spindle lathes, rapid-reduction lathes, pr: lathes,
turret lathes, special lathes, electrically-driven lathes, etc.
In addition to the complete exposition on construction and
design, much practical matter on lathe installation, care and
operation has been incorporated in the enlaried 1915 edi-
tion. All kinds of lathe attachments for drilling, milling,
etc., are described and complete instructions are given to
ena‘)le the novice machinist to grasp the art of lathe oper-
ation as well as the principles involved in design. A number
of difficult machining operations are described at length and
illustrated. The new edition has nearly 500 pages and 350
illustrations. Price, $2.50

PRACTICAL METAL TURNING. By Joserr G.
Horner. A work of 404 pages, fully illustrated, covering in
a comprehensive manner the modern practice of machining
metal parts in the lathe, including the regular engine lathe
its essential design, its uses, its tools, its attachments, an
the manner of holding the work and performing the opera-
tions. The modernized engine lathe, its methods, tools and
great range of accurate work. The turret lathe, its tools,
accessories and methods of performini its functions. Chap-
ters on special work, grinding, tool holders, speeds, feeds
modern tool steels, etc.,, etc, Second edition, Price, $3.50

LIQUID AIR

LIQUID AIR AND THE LIQUEFACTION OF
GASES. By T. O'Conor Sroaxe, Theory, history, biog-
raphy, practical applications, manufacture, Second edition.
365 pages. Illustrated, Price, $2.00
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LOCOMOTIVE ENGINEERING

AIR-BRAKE CATECHISM. By Rorerr H. Brack-
aLr, This book is a standard text book. It is the only
practical and complete work gx]blio.hed. Treats on the eagip-
ment manufactured by the estinghouse Air Brake m-

ny, including the E-T Locomotive Brake Equipment, the

(Quick-Service) Triple Valve for freight service; the L
High Speed Triple Valve; the P-C Passenger Brake Et}uip-
ment, and the Cross Compound Pump. The operation of all
parts of the apparatus is explained in detail and a practical
way of locating their peculiarities and remedying their de-
fects is given. Endorsed and used by air-brake instructors
and examiners on nearly every railroad in the United States.
Twenty-sixth edition. 411 pages, fully illustrated with fold-
ing plates and diagrams. New edition. Price, $2.00

AMBRICAN COMPOUND LOCOMOTIVES. By

Frep H., CorLviN, The most complete book on compounds

blished. Shows all types, including the balanced compourid.

akes everything clear by many illustrations, and* shows

valve setting, breakdowns and repairs, 142 s, ’(ilo&
ce, o

APPLICATION OF HIGHLY SUPERHEATED
STEAM TO LOCOMOTIVES. By Rosrrtr GARme, A
practical book which be r mended too highly to
those motive-power men who are anxious to maintain the
highest efficiency in their locomotives. Contains special chap-
ters on Generation of ‘Highly Superheated Steam; Super-
heated Steam and the Two-Cylinder Simple Engine; Com-
pounding and Superheating; esig:ooi omotive Super-
heaters; Constructive Details of motives Using Highly
Superheated Steam. ~Experimental and Workinﬁk Results,
Illustrated with folding plates and tables. Clof

Price, $2.50

COMBUSTION OF COAL AND THE PREVEN-
TION OF SMOKE. By Wx. M, Barr, To be a success a
fireman must be “Light on Coal.” He must keep his fire
in good condition, an Krevent, as far as possible, the smoke
nuisance. To do this, he should know how coal burns, how
smoke is formed and the proper burning of fuel to obtain
the best results, He can learn this, and more too, from
Barr’s ‘“Combination of Coal.” It is an absolute authorit
on all questions relating to the firing of a locomotive. Fift
edition. Nearly 350 pages, fully illustrated. Price, $1.00

DIARY OF A ROUND-HOUSE FOREMAN. By
T. S. Remwy, This is the greatest book of railroad experi-
ences ever published. Containing a fund of information and
suggestions along the line of handling men, organizing, etc.,
that one cannot afford to miss. 176 pages. ice, $1.00

LINK MOTIONS, VALVES AND VALVE SET-
TING. By Frep H, CorviN, Associate Editor of “American
Machinist.”” A handy book that clears up the mysteries of
valve setting, Shows the different valve gears in use, how
they work, and why. Piston and slide valves of different
types are illustrated and explained. A book that every rail-
foad man in the motive-power department ought to have.
Fully illustrated. New revised and enlarged edition just
published, 18 Price, 50 cents




TRAIN RULE EXAMINATIONS MADE EASY.
By G. E. Coruinawoon., This is the only practical work on
train rules in print. Every detail is covered, and puzzling
points are explained in simple, comprehensive innzuage. mak-
ing it a practical treatise for the train dispatcher, engine-
man, trainman and all others who have to do with the move-
ments of trains., Contains complete and reliable information
of the Standard Code of Train Rules for single track. Shows
signals in colors, as used on the different roads, Explains
fully the practical application o1 ' cair orrlen':il giving a clear
and definite understanding of all o:ders which may be used.
256 pages. Fully illustrated with train signals in co'ors.

Price, $1.256

LOCOMOTIVE BOILER CONSTRUCTION. By
Franx A. KiziNnmans, The only book showing how locomo-
tive boilers are built in modern shops.  Shows all of
boilers used; gives details of construction; practical facts,
such as life of riveting punches and dies, work done per
day, allowance for bending and flanging sheets and other
data that means dollars to any railroad man, Second edition,
451 pages, 334 illustrations. Six folding plates, Cloth.

Price, $3.00

LOCOMOTIVE BREAKDOWNS AND THEIR
REMEDIES. B{ Geo. L. FowLer. Revised by Wm. W,
Wood, Air-Brake Instructor, Just issued. Revised pocket
edition. It is out of the queston to try and tell you about
every subject that is covered in this ket edition of Loco-
motive Breakdowns. Just imagine all the common troubles
that an engineer may expect to happen some time, and then
add all of the unexpected ones, troubles that could occur,
but that you had never thought about, and you will find
that they are all treated with the very best methods of re-

air. alschaert Locomotive Valve r Troubles, Electric

eadlight Troubles, as well as Questions and Answers on the
Air Brake are all included. Eighth edition. 294 pages.
Fully illustrated, Price, $1.00

LOCOMOTIVE CATECHISM. By Roserr GriM-
sHAW. Twenty-eighth revised and enlarged edition. This
may well be called an encyclopedia of the locomotive. Con-
tains over 4,000 examination questions with their answers,
including among them those asked at the first, second an
third years’ examinations. 825 pages, 437 illustrations and
3 folding plates. Price, $2.650

WESTINGHOUSE ET ATR-BRAKHE INSTRUC-
TION POCKET BOOK CATECHISM. By Wu. W
Woop, Air-Brake Instructor, A practical work containing
examination questions and answers on_the E. T. Equipment.
Coveril% what the E. T. Brake is, How it should be oper-
ated. hat to do when defective. Not a question can_be
asked of the eli‘ginemaq up for promotion on either the No.
5 or the No. 6 E T equipment that is not asked and answered
in the book. If you want to thoroughly understand the
E T equipment get a copy of this book. It covers ev de-
tail. Makes air-brake troubles and examinations easy. Fully
illustrated with colored plates, showing various pre‘;mﬁ
Cloth, . Price, 81.
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PRACTICAL INSTRUCTOR AND REFERENCE
BOOK FOR LOCOMOTIVE FIREMEN AND EN-
GINEERS. By Cuas. F. LockHART. An entirel  new
book on the locomotive. It appeals to every railroad “man,
as it tells him how things are done and the right way to do
them. Written by a man who has had years of practical
experience in locomotive shops and on the road firing and
running. The information given in this book cannot be
found in any other similar treatise. Eight hundred and
fifty-one questions with their wers are included, whi
~ill prove specially helpful to those preparing for exam-
inalon. 368 pages, 88 illustrations. Cloth, Price, $1.50

PREVENTION OF RAILROAD ACCIDENTS,
OR SAFETY IN RAILROADING. By GEORGE BraAD-
sHAwW. This book is a heart-to-heart talk with railroad em-
ployees, dealing with facts, not theories, ana showing the
men in the ranks, from every-day experience, how accidents
occur and how they may be avoided. The book is illustrated
with seventy original photographs and drawings showing the
safe and unsafe methods of work. No visionary schemes, no
ideal pictures. Just plain facts and practical suggestions are

iven. Every railroad employee who reads the book is a
ctter and safer man to have in railroad service, It gives
just the information which will be the means of preventin
many injuries and deaths, All railroad employees shou
procure a copy; read it, and do their part in preventing
accidents. 169 pages. Pocket size. Fulli' illustrated.
rice, 50 cents

WALSCHAERT LOCOMOTIVE VALVE GEAR.
By Wx, W. Woop. If you would thoroughly understand the
alschaert Valve Gear, you should possess a copy of this
book. The author divides the subject into four divisions, as
follows: I. Anal{sis of the gear. II. Designin% and erecting
of the gear. III. Advantages of the gear. IV. Questions
and answers relating to the Walschaert Valve Gear. This
book is specially valuable to those preparing for promotion.
Third edition, 245 pages. Fully illustrated. Cloth.
Price, $1.50

MACHINE SHOP PRACTICE

MACHINE -SHOP ARITHMETIC. By CoLvin-
CHENEY. Most popular book for shop men. Shows how all
shop problems are worked out and “why.” Includes change

ars for cutting any threads; drills, taps, shink and force

ts; metric system of measurements and threads, Used by
all classes of mechanics and for instruction in Y. M. A,

and other schools. Sixth edition. 131 pages.
ce, 50 cents

TOOLS FOR MACHINISTS AND WO0OD
WORKERS, INCLUDING INSTRUMENTS OF
MEASUREMENT. By Josepr G. Horner. The prin-
ciples upon which cutting tools for wood, metal, and other
substances are made are identical, whether used by the ma-
chinist, the carcenter or by any other skilled mechanic in
their daily_work, and the object of this book is to give a
correct and practical description of these tools as they are
commonly designed, constructed, and used. 340 pages, fu
{iustrated. Price, ‘3.6
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AMERICAN TOOL MAKING AND INTER.
CHANGEABLE MANUFACTURING. By J. V.
WoopwortH, In its 500-odd pages the one subject only,
Tool Making, and whatever relates thereto, is dealt witz
The work stands without a rival. It is a complete practical
treatise on the art of American Tool Making and system of
interchangeable manufacturing as carried on to-day in the
United States. In it are described and illustrated all of the
different types and classes of small tools, fixtures, devices
and special appliances which are in general use in all
machine-manufacturing and metal-working establishments
where economy, capacity and interchangeability in the pro-
duction of machined metal parts are imperative. The science
of jig making is exhaustively discussed, and particular atten-
tion 1s paid to drill jigs, boring, profiling and milling fixtures
and other devices in which the parts to be machined are
located and fastened within the contrivances. All of the
tools, fixtures and devices illustrated and described have
been or are used for the actual production of work, such
as parts of drill presses, lathes, patented machinery, type-
writers, electrical apparatus, mechanical appliances, brass
goods, composition parts, mould products, sheet metal arti-
cles, dro forgu';gs, jewelry, watches, medals, coins, etc.
Second edition. 531 pages. Price, $4.00

HENLEY’S ENCYCLOPEDIA OF PRACTICAL
ENGINEERING AND ALLIED TRADES. Edited
by Joserrn G. HorNer, A M.I.Mech.E. This book covers the
entire practice of Civil and Mechanical Engineering. The
best known experts in all branches of engineering have con-
tributed to these volumes., The Cyclopedia is admirably well
adapted to the needs of the beginner and the self-taught
practical man, as well as the mechanical engineer, designer,
draftsman, shop superintendent, foreman and machinist.

It is a modern treatise in five volumes. Handsomely
bound in_half morocco, each volume containing nearly 500
pages, with thousands of illustrations, including diagram-
matic and sectional drawings with full explanatory details.

Price, for the complete set of five volumes, $25.00

MODERN MACHINE SHOP CONSTRUCTION,
EQUIPMENT AND MANAGEMENT. By Oscar E.
Perrico. The only work published that describes the Modern
Machine Shop or Manufacturing Plant from the time the
grass is growing on the site intended for it until the finished
product 18 shipped. Just the book needed by those contem-
plating the erection of modern shop buildings, the rebuilding
and reorganization of old ones, or the introduction of Modern
Shop Methods, Time and Cost Systems. It is a book written
and illustrated by a practical shop man for practical shop men
who are too busy to read theories and want facts. It is the
most complete all-around book of 'its kind ever published.
400 large quarto pages, 225 original and specially-made illus-
trations. ce, $5.00

“SHOP KINKS.” By Roperr GriMsEAw, This shows
special methods of doing work of various kinds, and releas-
ing cost of production. Has hints and kinks from some of
the largest shops in this country and Europe. You are almost
sure to find some_that apply to your work, and in such a
way as_to save time and trouble, 400 pages. Fifth edi-
tion, Cloth, ce, $2.50
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THE WHOLE FIFLD OF MECHANICAL MOVE-
MENTS COVERED BY MR. HISCOX'S§

We publish two books by Gardner D. Hiscox thar will
keep you from “inventing” things that have been done be-
fore, and sug?m waﬁ: of doing things that you have not
thought of before. any a man spends time and money,
Kondering over some mechanical problem, only to learn, after

e has solved the problem, that the same thin,
accomplished and put in practice by others long before. Time
and money spent in an effort to accomplish what has al-
ready been accomplished are time and money lost. The
whole field of mechanics, every known mechanical movement,
and practically every device is covered by these two books.
If the thing you want has been invented, it is illustrdted in
them. If it hasn’y been invented, them you'll find in them
the nearest things to what you want, some movement or
device that will apply in your case, perhaps; or which will

ve you a key from which to work. No book or set of
ooks ever published is of more real value to the inventor,
draftsman or practical mechanic than the two volumes
scribed below.

MECHANICAL MOVEMENTS, POWERS AND
DEVICES. By Garoner D. Hiscox. This is a collection
of 1,890 engravings of different mechanical motions and appli-
ances, accompanied by appropriate text, making it a book of
great value to the inventor, the draftsman, and to all read-
ers with mechanical tastes. The book is divided into eighteen
sections or chapters, in which_the subject-matter is classified
under the following heads: Mechanical Powers; Transmis-
sion of Power; Measurement of Power; Steam .'Power' Air
Power Appliances; Electric Power and Construction; Navi-

tion and Roads; Gearing; Motion and Devices; Control-
ing Motion; Horological; Mining; Mill and Factory Appli-
ances; Construction and 'Deﬂces; Drafting Devices; Miscel-
laneous Devices, etc. Fourteenth edition. 400 octavo pages.

Price, $3.00

MECHANICAL APPLIANCES, MECHANICAL
MOVEMENTS AND NOVELTIES OF CON-
STRUCTION. By Garoxer D. Hiscox. This is a sup-
lementary volume to the one upon mechanical movements.
nlike the first volume, which is more elementary in char-
acter, this volume contains illustrations and descriptions of
many combinations of motions and of mechanical devices
and appliances found in different lines of machinery, each
device being shown by a line drawing with a_ description
showing its working parts and the method of operatio!
From the multitude of devices described and illustrate
might be mentioned, in passing, such items as conveyors and
clevators, Prony brakes, thermometers, various types of boil-
ers, solar engines, oil-fuel burners, condensers, evaporators,
Corliss and other valve gears, governors, gas engines, water
motors of various descriptions, air ships, motors and dynamos,
automobile and motor bicycles, railway lock signals, car coup-
lers, link and gear motions, ball bearings, breech block
mechanism for heavy guns, and a lufe accumulation of
dthers of equal importance. 1,000 specially mgde engravings.
396 octavo pages. Third revised edition. Price, $8.00
”3



MACHINE SHOP TOOLS AND SHOP PRAC-
TICE. By W. H. VanpezvoorT. A work of 555 pages and
673 illustrations, describing in every detail the construction,
operation, and manipulation of both hand and machine tools.
Includes chapters on filing, fitting, and scraping surfaces; on
drills, reamers, taps, and dies; the lathe and its tools; planers,
shapers, and their tools; milfjng machines and cutters; gear
cutters and gear cutting; drilling machines and_drill work;
grinding machines and their work; hardening and tempering;
gearing, belting, and transmission machinery; useful data and
tables. Sixth edition. Cloth, Price, $3.00

MODERN MILLING MACHINES: THEIR DE-
SIGN, CONSTRUCTION AND OPERATION. By
osep G. Hornem. This book describes and illustrates the
illing Machine and its work in such a plain, clear, and
forceful manner, and illustrates the subject so clearly and
completely, that the up-to-date machinist, student, or me
hanical engi t afford to do without the valuable
information which it contains. It describes not only the
early machines of this class, but notes their gradual develop-
ment into the splendid machines of the present day, givin;
the design and construction of the various types, forms, an
special features produced by prominent manufacturers, Ameri-

can and foreign. 304 pages, 300 illustrations. Cloth
Price, $4.00

THE MODERN MACHINIST. By Joun T. Usuer.
This book might be called a compendium of shop methods
showing a variety of special tools and appliances which will

ive new ideas to many mechanics from the superintendent
own to the man at the bench. It will be found a valuable
addition to any machinist’s library and should be consulted
whenever a new or difficult job is to be done, whether it is
boring, milling, turning, or planing, as they are all treated
in a practical manner, Fifth edition. 320 pages, 250 illus-
trations. Cwsih. Price, $2.50

THREADS AND THREAD CUTTING. By CoLvin
and StaBer. This clears up many of the mysteries of thread-
cutting, such as double and triple threads, internal thteads,
catching threads, use of hobs, etc. Centains a lot of useful
hints and several tables. Third cdition. Price, 26 cents

—

J’MARINE ENGINEERING

/ THE NAVAL ARCHITECT'S AND SHIP-
BUILDER’S POCKET-BOOK of Formu Rules, and
Tables and Marine Engineer’'s and Surveyor’s Handy Book
of Reference. By CLEMENT MAckrow and Lioyp WooLLARD,
The eleventh revised and enlarged edition of this most com.
prehensive work has just been issued. It is_absolutely in-
disp ble to all engaged in the Shipbuilding Industry, as it
condenses into a compact form all data and formulz that
are ordinarily required, The book is completely up to date,
including among other subjects a section on Aeronautics,
750 pages, limp leather binding. Price, $5.00 ne
\
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MARINE ENGINES AND BOILERS, THEIR
DESIGN AND CONSTRUCTION. By Dr. G. Baueg,
LesLie S. RosertsoN and S. Bryan DonkiN. In the words
of Dr. Bauer, the present work owes its origin to an oft
felt want of a condensed treatise embodying the theoretical
and practical rules used in designing marine engines and
boilers. The need of such a work has been felt by most
engineers engaged in the construction and workini of marine
engines, not only by the fyom: er men, but also by those of
greater experience. The fact that the original German work
was written by the chief engineer of the famous Vulcan
Works, Stettin, is in itself a guarantee that this book is in
all restpects thoroughly up-to-date, and that it embodies all
the information which is necessary for the design and con-
struction of the highest types of marine engines and boilers.
It may be said that the motive power which Dr. Bauer has
placed in the fast German liners that have been turned out
of late years from the Stettin Works represent the very best

ractice in marine engineering of the present day. The work
1s_clearly written, thoroughly systematic, theoretically sound;
while the character of the plans, drawings, tables, and sta-
tistics is without reproach. The illustrations are careful re-
productions from actual working drawings, with some well-
executed photographic views of completed engines and boilers,
744 pages, 550 illustrations and numerous tables. Cloth.
Price, $9.00 net

h_/lANUAL TRAININQ
ECONOMICS OF MANUAL TRAINING. By

Louis RouiLrLioN, The only book that Tives just the infor-
mation needed by all interested in manual training, regarding
buildings, equipment and supplies. Shows exactfy what is
needed for all rsi'm‘les of the work from the Kindergarten to
the High and Normal School. Gives itemized lists of every-
thing needed and tells just what it ought to cost. Also shows
where to buy supplies. Illustrated. Second edition. Cloth.

Price, $1.50

MINING

ORE DEPOSITS, WITH A CHAPTER ON
HINTS TO PROSPECTORS. By J. P. Jomnson. This
book gives a condensed account of the ore deposits at present
known in South Africa. It is also intended as a guide to
the prospector. Only an elementary knowledge of geology and
some mining experience are necessary in order to understand
this work. With these qualifications, it will materially assist
one in his search for metalliferous mineral occurrences and,
so far as simple ores are concerned, should enable one to
form some idea of the possibilities of any they may find.
Ilustrated, Cloth, Price, $2.00

PRACTICAL COAL MINING. By T. H. Cockiw.
An important work, containing 428 pages and 213 illustra-
tions, complete with practical details, which will intuitively
impart to the reader, not only a general knowledge of the
principles of coal mining, but also considerable insight into
allied subjects. The treatise is positively up to date in eve
instance, and should be in the hands of every colliery engi-
neer, geologist, mine operator, superintendent, foreman, and
all others who are interested in or connected with the indus-
try. Third edition. Cloth. Price, $2.50
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PHYSICS AND CHEMISTRY OF MINING. By
T. H. ByroM, A practical work for the use of all preparing
for examinations in_mining or qualifying for colliery man.
agers’ certificates. The aim of the author in this excellent
book is to place clearly before the reader useful and authori-
tative data which will render him valuable assistance in his
studies. The only work of its kind published. The infor-
mation incorporated in it will prove ot the greatest practical
utility to students, mining engineers, colliery managers, and
all others who are specially interested in the present-day
treatment of mining problems. 160 pages, illustrated.

Price, $2.00

PATTERN MAKING

PRACTICAL PATTERN MAKING. By F. W,
Barrows. This book, now in its second edition, is a com-
prehensive and entirely practical treatise on the subject of
pattern making, illustrating pattern work in both wood and
metal, and with definite instructions on the use of plaster
of paris in the trade. Ist«fwes specific and detailed descrip-
tions of the materials u: by pattern makers and describes
the tools; both those for the bench and the more interesting
machine tools; havin%acomplete chapters on the lathe, the
circular saw and the band saw. It gives many examples of
pattern work, each one fully illustrated and explained with
much detail. These examples, in their great variety, offer
much that will be found of interest to all pattern makers,
and especially to the younger ones, who are seeking informa-
tion on the more advanced branches of their trade. Con-
taining nearly 350 pages and 170 illustrations. Second edi-
tion, revised and enlarged, Price, $2.00

PERFUMERY

HENLEY’S TWENTIETH CENTURY BOOK OF
RECEIPTS, FORMULAS AND PROCESSES, Edited
by G. D. Hiscox. The most valuable techno-chemical receipt
book published. Contains over 10,000 practical receipts, man
of which will prove of special value to the perfumer, $3.0

. PERFUMES AND COSMETICS, THEIR PREP«
ARATION AND MANUFACTURE. By G. W.
ASEKINSON, Perfumer. A comprehensive treatise, in which
there has been nothing omitted that could be of value to
the perfumer or manufacturer of toilet preparations. Com-
plete directions for making handkerchief perfumes, smelling-
salts, sachets, fumigating pastilles; preparations for the care
of the skin, the mouth, the hair, cosmetics, hair dyes and
other toilet articles are given, also a detailed description of
aromatic substances; their nature, tests of purity, and whole.
sale manufacture, including a chapter on synthetic products,
with formulas for their use. A book of general, as well as
professional interest, meeting the wants not only of the drug-

st and pgt:fume manufacturer, but also of the general public.

ourth edition much enlarged and brought up-to-date, Nearl
400 pages, illustrated. Price, $5.0
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PLUMBING

STANDARD PRACTICAL PLUMBING. By R.
M. StamBuck. This is a complete treatise and covers the
subject of modern plumbing in all its branches. It treats ex-
haustively on the sﬁilled work of the plumber and the theory
underlying plumbing devices and oOperations, and commends
itself at once to everyone working in any branch of the
plumbing trade. A large amount of space is devoted to a
very complete and practical treatment of the subjects of hot
water supply, circulation and range boiler work. Another
valuable feature is the special chapter on drawing for
plumbers., The illustrations, of which mhere are three hun-
dred and forty-seven, one hundred being full-page plates,
were drawn expressly for this book and show the most
modern and best American practice in plumbing construction.
6%x9%. Cloth, 406 pages, 347 illustrations. lgriee, $3.00

MECHANICAL DRAWING FOR PLUMBERS.
By R. M. StarBUCK. A ) prehensive and practical
treatise on the subject of mechanical drawing in its various
modern applications to the work of all who are in any way
connected with the plumbing trade. Nothing will so help
the plumber in estimating and in explaining work to cus-
tomers and workmen as a knowledge of drawing, and to the
workman it is of inestimable value if he is to rise above his
position to positions of greater responsibility. 150 illus-
trations, rice, $1.50

MODERN PLUMBING ILLUSTRATED. By R.
M. StaxBuck. The author of this book, Mr. R. M, Star uclz
is one of the leading authorities on plumbing in the Unite
States. The book represents the hii est standard of dplumbing
work. A very comprehensive work, illustrating and describ-
ing the drainage and ventilation of dwellings, apartments and
public buildings. The very latest and most approved methods
in all branches of sanitary installation are given. The stand-
ard book for master plumbers, architects, builders, plumbing
inspectors, boards of health, boards of plumbing examiners
and for the property owner, as well as the workman and
apprentice. It contains fifty-five entirely new and large full
gages of illustrations with descriptive text, all of which have

een made specially for this work. These plates show all
kinds of modern plumbing work. Each plate 1s accompanied
by several pages of text, giving notes and practical sugges-
tions, sizes of pipe, proper measurements for setting up work,
etc. Suggestions on estimating plumbing construction are
also included. 400 octavo pages, fully illustrated by 55
full-page engravings, Price, $4.00

RECIPE BOOK

HENLEY’S TWENTIETH CENTURY BOOK
OF RECIPES, FORMULAS AND PROCESSES.
Edited by Garoner D. Hiscox. The most valuable techno-
chemical formulz book Fublished including over 10,000 se-
lected scientific, chemical, technofogical and practical reci
and processes. This book of 800 pages is the most complete
book of recipes ever published, giving thousands of recipes
for the manufacture of valuable articles for everyday use.
Hints, helps, practical ideas and secret processes are revealed
within its pages. It covers every 'wanch of the useful arts




and tel's thousands of ways of making money and is just the
book everyone should have at his command. The pages are
filled with matters of intense interest. and immeasurable prac-
i value to the photographer, the perfumer, the painter,
the manufacturer of glues, pastes, cements and mucilages,
the physician, the druggist, the electrician, the brewer, the
engineer, the foundryman, the machinist, the potter, the
tanner, the confectioner, the chiropodist, the manufacturer
of chemical novelties and toilet preparations, the dyer, the
electroplater, the enameler, the engraver, the provisioner, the
glass worker, the goldbeater, the watchmaker and jeweler,
the ink manufacturer, the optician, the farmer, the dairyman,
the per maker, the metal worker, the soap maker, the
veterinary surgeon, and the technol?tst in general. A book
to which you may turn with confidence that you will find
what you are looking for. A mine of information up-to-date
in every respect. Contains an immense number of formulas
that eveg one ought to_have that are not found in any other
work. New edition, Cloth binding, $3.00; Half Morocco
binding, Price, $4.00

RUBBER

HENLEY’S TWENTIETH CENTURY BOOK
OF RECEIPTS, FORMULAS AND PROCESSES,
Edited by Garoner D. Hiscox. Contains upward of 10,000
ractical receipts, including among them formulas on arti.
cial rubber. Price, $3.00

RUBBER HAND STAMPS AND THE MANIP-
ULATION OF INDIA RUBBER. By T. O’Conor
Sroane, This book gives full details of all points, treating
in a concise and simp the el ts of nearly every-
thing it is necessary to understand for a commencement m
any branch of the India rubber manufacture. The making
of all kinds of rubber hand stamps, small articles of India
rubber, U. S. Government composition, dating hand stamps,
the manipulation of sheet rubber, toy balloons, India rubber

lutions, ts, blacki renovating varnish, and treat-
ment for India rubber shoes, etc.; the hektograph stamp inks,
and miscellaneous notes, with a short account of the dis-
covery, collection and manufacture of India rubber are set
forth in a manner designed to be readily understood, the ex-
planation bemf &l‘mn and simple. Third edition. 175 pages,
illustrated. Clo Price, $1.00

SAWS

SAW FILING AND MANAGEMENT CF SAWS,
By Romert GriMsaaw. A practical hand book on filing,
gumming, swaging, hammering and the brazing of band saws,
the speed, work, and power to run circular saws, etc. A
handy book for those who have charge of saws, or for those
mechanics who do their own filing, as it deals with the proper
shape and pitches of saw teeth of all kinds and Fivea many
useful hints and rules for gumming, setting, and filing, and is
a practical aid to those who use saws for any purpose. _Third
edition, revised and enlarged. Illustrated. ce, $1.00
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SCREW CUTTING

THREADS AND THREAD CUTTING. By Cor.
vix and StaBer. This clears up many of the mysteries of
thread cutting, such as double and triple threads, internal
threads] catching threads, use of hobs, etc. Contains a lot of

ful hints ral tables. Third edition.
e ane s *® “Price, 25 cents

STEAM ENGINEERING

AMERICAN STATIONARY ENGINEERING. By
W. E. CraNE. A new book by a well-known author. Begins
at the boiler room and takes in the whole power plant. n-
tains the result of years of practical experience in all sorts
of engine rooms and gives exact information that cann2* be
found elsewhere. It’s plain enough for practical men and yet
of value to those high in the p i s a complete ex-
amination for a license. Second edition. 285 pages. Illus-
trated. Cloth, . Price, $2.00

STEAM ENGINE CATECHISM. By Roserr GriN-
smAw. This volume of 413 pages is not only a catechism on
the question and answer principle, but it contains formulas
and worked-out answers for all the steam problems that
appertain _to the operation and management of the steam
engine. Illustrations of various valves and valve gear with
their principles of operation are given. 34 tables that are in-
dispensable to every engineer and fireman that wishes to be
progressive and is ambitious to become master of his calling
are within its pages. It is a most valuable instructor in
the service of steam engineerins. Leading engineers have
recommended it as a valuable educator for the beginner as
well as a reference book for the engineer. Sixteenth edition.

Price, $2.00

BOILER ROOM CHART. By Geo. L. ¥owrez. A
chart—size 14 x 28 inches—showing in isometric perspective
the mechanisms belonging in a modern boiler room. Water

 tube boilers, ordinary grates and mechanical stokers, feed
water heaters and pumps comprise the equipment. The
various parts are shown broken or removed, so that the in-
ternal construction is fully illustrated. Each part is given
a reference number, and these, with the corresponding name,
are given in a glossary printed at the sides. This chart is
really a dictionary of the boiler room—the names of more
than 200 parts being given. It is educational—worth many
times its cost. Price, 25 cents

EMINENT ENGINEERS. By Dwicar Gobparp.
Everyone who appreciates the effect of such great inventions
as the steam engine, steamboat, locomotive, sewing machine,
steel working, and other fundamental discoveries, is inter-
ested in knowing a little about the men who made them and
‘their achievements. Mr. Goddard has selected thirty-two of
the world’s engineers who have contributed most largely to
the advancement of our civilization by mechanical means,
giving only such facts as are of general interest and in a way
which appeals to all, whether mechanics or not. 280 pagses,
35 illustrations, Price, $1.50

28



ENGINE RUNNER’S CATECHISM. By Roserr T,
GriusEAw. Tells how to erect, adjust and run the princi-
al steam engines in use in the United States. The work
1s of a handy size for the pocket. To young engineers this
catechism will be of freat value, especially to those who may
be preparing to go forward to be examined for certificates
of competency; and to engineers generally it will be of no
little service, as they will find in this volume more really
practical and useful information than is to be found any-
where else within a like compass, 387 pages. Seventh
edition. ice, $2.00

MODERN STEAM ENGINEERING IN THEORY
AND PRACTICE. By GaroNer D. Hiscox. This is
a complete and practical work issued for stationary engi.
neers and firemen dealing with the care and management
of boilers, engines, pumps, superheated steam, refrigeratin
machinery, dynamos, motors, elevators, air compressors, an
all other branches with which the modern engineer must be
familiar. Nearly 200 questions with their answers on steam
and electrical engineering, likely to be asked by the exam-
ining board, are included. Third edition. 487 pages, 40S
engravings. Cloth, Price, $3.00

HORSE POWER CHART. Shows the horse power
of any stationary engine without calculation, No matter
what the cylinder diameter or stroke; the steam pressure
or cut-off; the revolutions, or whether condensing or non-
condensing, it’s all there. Easy to use, accurate, and saves
time and calculations. Especially useful to engineers and
designers, ce, 50 cents

STEAM ENGINEER’S ARITHMETIC. By Cor-
vIN-CHENEY. A practical pocket book for the steam engi-
neer. Shows how to work the problems of the engine room
and shows “why.” Tells how to figure horse-power of en-
gines and boilers; area of boilers; has tables of areas and
circumferences; steam tables; has a dictionary of engineering
terms. Puts you onto all of the little kinks in ﬁﬁuring what-
ever there is to figure around a power plant. Tells you about
the heat unit; absolute zero; adiabatic expansion; duty of
engines; factor of safety; and 1,001 other things; and every-
thing is plain and simple—not the hardest way to figure,
but the easiest, Second edition. Price, 50 cents

STEAM PIPES

STEAM PIPES: THEIR DESIGN AND CON-
STRUCTION. By Wwum. H. Boorn. The work is well
illustrated in regard to J)ipe joints, expansion offsets, flexible
joints, and self-contained sliding joints for taking up the ex-
pansion of long pipes. In fact, the chapters on the flow of
steam and expansion of pipes are most valuable to all steam
fitters and users. The pressure strength of pipes and method
of hanging them is well treated and illustrated. Valves and
by-passes are fully illustrated and described, as are also flange
joints and their proper proportions. Exhaust heads and sepa-
rators. One of the most valuable chapters is that on super-
heated steam and the saving of steam by insulation with the
various kinds of felting and other materials, with comparison
tables of the loss of heat in thermal units from naked and
felted steam pipes, Second edition. Cortains 187 pages,
Cloth. 20 Price, $2.06



STEAM HEATING AND VENTILATING

PRACTICAL STEAM, HOT-WATER HEATING
AND VENTILATION. By A. G. KiNc. This book has
been prepared for the use of all engaged in the business of
steam, hot-water heating and ventilation. Tells how to get
heating contracts, how to install heating and ventilating
apparatus, the best business methods to be used, with “Tricks
of the Trade” for shop use. Rules and data for estimating
radiation and cost and such tables and information as make
it an indispensable work for everyone interested in steam,
hot-water heating and ventilation. It describes all the prin-
cipal systems of steam, hot-water, vacuum, vapor and vacuum-
vapor heating, together with the new accelerated systems of
hot-water circulation, including chapters on up-to-date methods
of ventilation and the fan or blower system of heating and
ventilation. Second edition. 367 pages, 300 detailed engrav-
angs. Cloth. Price, $3.00

500 PLAIN ANSWERS TO DIRECT QUES-
TIONS ON STEAM, HOT-WATER, VAPOR AND
VACUUM HEATIﬁG PRACTICE. By Avrrep G.
KinG. This work, just off the press, is arranged in question
and answer form; it is intended as a guide and text-book for
the younger inexperienced fitter and as a reference book for
all fitters. All long and tedious discussions and descriptions
formerly considered so important have been eliminated, and
the theory and laws of heat and the various old and modern
methods and appliances used for heating and ventilating are
treated in a concise manner. This is the standard Question
and Answer examination book on Steam and Hot Water
Heating, etc. 200 pages, 127 illustrations. Octavo.

oth, ¢ . Price, $1.50

STEEL

HARDENING, TEMPERING, ANNEALING,
AND FORGING OF STEEL. By J. V. WoopDwWORTH,
A book containing special directions for the successful hard-
ening and tempering of all steel tools. Milling cutters, tql)s.
thread dies, reamers, both solid and shell, hollow mills,
punches and dies, and all kinds of sheet- metal working tool:
shear blades, saws, fine cutlery and metal-cutting tools of al
descriptions, as well as for all implements of steel, both large
and small, the simplest, and most satisfactory hardening and
tempering prc are pr ted 0 pages, 250 illustra-
tions. Fourth edition. Cloth. Brice, $2.50

STEEL: ITS SELECTION, ANNEALING, HAR-
DENING AND TEMPERING. ]}Iy E. R. MaARrKHAM,
This work was formerly known as “The American Steel
‘Worker,” but on the publication of the new, revised édition,
the publishers deemed it advisable to change its title to a
more suitable one. This is the standard work on hardening,
tempering, and annealing steel of all kinds. This book tells
how to select, and how to work, temper, harden, and anneal
steel for everything on earth. It is the standard book on
selecting, hardening, and tempering all grades of steel
400 pages. Very fully illustrated. Fourth edition.

Price, $2.50
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TRACTORS

THE MODERN GAS TRACTOR. By Vicrox W,
Pack, A complete treatise describing all types and sizes of
gasoline, kerosene, and oil tractors. Considers design and
construction exhaustively, gives complete instruction for care,
operation and repair, outlines all practical applications on the
road and in the field. The best and latest work on farm
tractors and tractor power plants. A work needed by farmers,
students, blacksmiths, mechanics, salesmen, implement dealers,
designers and engineers, 500 pages. Nearly 300 illustrations
and folding plates, Price, $2.00

TURBINES

MARINE STEAM TURBINES. By Dz G. Bavm
and O. Lascue. Assisted by E. Ludwiﬁ and H. Vogel.
Translated from the German and edited b . G. S. Swallow.

he book is essentially practical and discusses turbines in
which the full expansion of steam passes through a number
of separate turbines arranged for driving two_ or more shafts,
as in the Parsons system, and turbines in which the complete
expansion of steam from inlet to exhaust pressure occurs in
a turbine on one shaft, as in the case of the Curtis machines.
It will enable a designer to carry out all the ordinary calcu-
lation necessary for the construction of steam turbines, hence
it fills a want which is hardly met by larger and more theo-
retical works. Numerous tables, curves and diagrams will be
found, which explain with remarkable lucidity the reason
why turbine blades are designed as they are, the course which
steam takes through turbines of various types, the thermody-
namics of steam turbine calculation, the influence of vacuum
on steam consumption of steam turbines, etc. In a word,
the very information which a designer and builder- of steam
turbines most requires, La:&e octavo, 214 pages. Fully il.
lustrated and containing 18 tables, includi;;ran entropy chart,
ice, $3.50 net

WELDING

AUTOMOBILE WELDING WITH THE O0XYe
ACETYLENE FLAME. By M. Keithi DunNuaM, Ex-
lains in a simple manner apparatus to be used, its care, and
gow to construct necessary shop equipment. i"roceeda then
to the actual welding of all automobile parts, in a manner
understandable by everyone. Gives principles never to be
forgotten. Aluminum, cast iron, steel, copper, brass, bronze
and malleable iron are fully treated, as well as a clear ex-
planation of the proper manner to burn the carbon out of
the combustion head. This book is of utmost value, since
the perplexing problems arising when metal is heated to a
melting point are fully explained and the proper methods to
overcome them shown., 167 pages, fully illustrated.

Price, $1.00
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. Henley’s Twentieth Century

‘ Book of .
f Recipes, Formulas
and Processes

Edited by GARDNER D. HISCOX, M.E,
Price $3.00.Cloth Binding $4.00 Half Morocco Binding

Contains over 10,000 Selected Scientific, Chemical,
Technological and Practical Recipes and -
Processes, including Hundreds of
So-Called Trade Secrets
for Every Business

HIS book of 800 pages is the most complete Book of

Recipes ever published, giving thousands of recipes

for the manufacture of valuable articles for every-day
use. Hints, Helps, Practical Ideas and Secret Processes
are revealed within its pages. It covers every branch of
the useful arts and tells thousands of ways of making
money and is just the book everyone should have at his
command.

The pages arefilled with matters of intense interest and
immeasurable practical value to the Photographer, the
Perfumer, the Painter, the Manufacturer of Glues, Pastes,
Cements and Mucilages, the Physician, the Druggist, the
Electrician, the Brewer, the Engineer, the Foundryman,
the Machinist, the Potter, the Tanner, the Confectioner,
the Chiropodist, the Manufacturer of Chemical Novelties
and Toilet Preparations, the Dyer, the Electroplater,
the Enameler, the Engraver, the Provisioner, the Glass
Worker, the Goldbeater, the Watchmaker and Jeweler,
the Ink Manufacturer, the Optician, the Farmer, the Dairy-
man, the Paper Maker, the Metal Worker,the Soap Maker,
the Veterinary Surgeon, and the Technologist in general.

A book to which you may turn with confidence that you
will find what you are looking for. A mine of informa.
tion up-to-date in every respect. Contains an immense
number of formulas that every oneought to have that are
not found in any other work.



FORD OWNERS: You cannot AFFORD to be without one, ANW Compioto M
for every Ownor, Dodet, Sal and Rep

The Model T Ford

Tts Construction; Operation and Reparr

By VICTOR W. PAGE, M.E.

., Member of the Society of Automobite Engi
Author: of ‘The.Modern Gasg dine A bile,” ete.’

300" Pages (5x7) Over 100 specially. made engravings'
-and two large folding plates -

Price:$1.00
HIS is the Most Complete and Pracicarlnm'uctl n book ever tpmblxsluoti on the l-‘drd Car.” A\

s;zde clof t.h bound book pdn m npedsll made drawings
“and p All parts of the ‘ord Model ’?‘8 illustrated in a com-*
manner— othing is left for tho readertogueea ac he conabruct.lon is l’uny treated
Ea Pdndg’lﬁ {l.lada Ci ea&lo Everyone. Co;lg: ete lmcrucuonl for driving and repairing

are given.
* This book is written espedull for Ford Drivers and Owners, by a recogﬂzed automobile engineer~
fng out,horlty and an expert O e Ford, who has driven md re] ord Cars for n nulx‘n’l')er
He writes for the avel -man in & practical wi y actual knowledge. of the
%:'d Model T Car are described. All Repair Processes llustralcd and Fully Explalned.
WRITTEN SO _ALL CAN UNDERSTAND—NO- THEORY, NO GUESSWORK
AUTHORITATIVE UNBIASED INSTRUCTIVE . -COMPLETE’

"CONTAINS SPEIIIT&IIIPT!RS-OH :.

. The.Ford Car; Its parts and their functions. The Ford Three Point Suspension System—
ano Assembly Detalls—S pring Construction—The Ford Body—The Ford Power Plant, Eec..
2. The Engine and Auzmaru Gmups How the enzlne works the fuel supply system, the carburetor, !

the ark, cooli Coll System Action Explained—Why .
a Magneto. Is Used on a8 Ford-—Wh'lns Dry Cell Batteri Master Vibrator ‘The Ford*
‘Muffier, Etc. ' 3. Details of Chassis. - Change speed gear, power transmission, difterential gear action,

- gteering gear, front axle, frame and springs, brakes, etc. bHow 0 Drive, and Care of the Ford. The
control system explained, stqrting the motor, driving the car, 1 réadside
-olling the chassis, winter care of car.—Lighting System—Electric Lightlng for Ford Ctrs—A Typlml
Engine Stop Ana.lyzed—CondMom That Cwse Fallure of the System: Defects

in.Fuel Sy djusting Loose Front Wheels—Whn to Do When
Rear Brakes Do Not Hold, ( ew .5. Orerhauling and Repairing Mech of'
troubles and remedies—Faults in Power Plant and Symptoms—Value of Syotem in Overhauling—
How to Take Down Motor—Carbon Deposits and Their Removal—How to Repair,Cracked Water
Jacket—Reseating and Truing .Valves—Method ‘of ‘Valve Grinding—Inspection of Piston Rings—
-Piston Ring Manipulation—Fitting Piston Rings—Wrist' Pin Wear—Inspection and Refitting of
Engine Beﬁﬂn@—Knoc’dnx Indicatés: Loose Bearings—Adjusting Main Bearings—Scraping Bear-

“frigs- to Fit—Rebabbitti Rod—Testing Bearing Parallelism—Camshafts and Timing
Geu-s—l!ow o 'l‘lme thves In Ford Englnes—Repurlng Ford M to—Packings and Gaskets for
Ford E Pu'ts—How to Take Down Tra.nsmlsion—Relﬁ\luc

Brake Bands—Rear Axle Troubles and Remedies—Caro of ear Repairs—Mise,
cellaneous Chassis Pn.ra.'m;

“The Illustrated Chapter on Repairing and Overhauling Alone is Worth Many Times the
ce of this book.

WHAT 1S SAID -OF THIS BOOK:
I have a of the “Ford Car Book which I can chy Ily recommend as indispensable
Ford owners D Hrwnr Reuy, Bladeford. Maine. ooy n to.a,
I received the book and am well pleased with it.—H. 'I‘umum Geary,-Okla.
It.is worth the price to every owner of a Ford car.—Afedical World.



fusT pusLIsHED |
Automobile Repairing
Made Easy

By VICTOR W. PAGE, M. E.
Member Society of Automobile Engineers
_Author of “The M Gasoline A bile,” Ete.

1056 Pages (514x8) 10 Folding Plates’
1000 Specially Made Engravings on 500 Plates

~ Price $3.00 Net

A Comprehensive, Practical Exposition  of Every Phase:of
Modern Automobile Repairing Practice
The only book of its kind It fills a real demand

struction, suggestions for cquipment, power needed, machinery and tools necessary to carry
on business successfully. ‘Fells how to overhaul and repair all parts of all automobiles. The
information given is founded on d)mclicul cexperlence, everything is explained so simply that
motorists and students can acquire & full working knowledge of automobile repairing.  Other works
dealing with repairing cover only certain wimr(:; of the car—this work starts with the engine, then
considers carburetion, fgnition. coolink and lubrication systems. The clutch, change speed gearis
and transmission system are considered in detail.  Contains iustructions for repairing all types of
axles, steering gears and other chassis parts. Many tables, short cuts in figuring and rules of practice -
are given for the mechanic. Explains fully valve and magneto tiing, “‘tuning’* engines, systematic
location of trouble, repair of ball and roller bearing, shop kinks, first aid to injured and a multitud
of subjects of intcrest toall in the gumﬁ; and repair business.  All illustrations are especially made
for this book, and are actual photographs or reproductions of enginecring drawings. .
This book also contains Special Instructions on Electric Starting, Lighting and Ignition Systems,’
Tire Rzrairjng and Rebuilding, Aulogenous Welding, Brazingsand Soldcring, Heat Trealment of Steel, '
Latest Timing Practice, Eight and Twelve Cylinder Motors, e{t., etc. You will never “‘Get Stuck" on "
a Job if you own this book. i

CONDENSED SYNOPSIS OF CONTENTS:

OUTL! NES every process incidental to motor car restoration, Gives plans for workshop con-’
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UST PUBLISHED

1618 Now, Kevisid and Ehlarged Edition, Showing all Recent Improvementi )’

) THE MODERN
GASOLINE AUTOMOBILE

{ts Construction, Operation, Maintenance and Repair

By VICTOR W. PAGE, M.E.
Member Society of Aut bile Engi

600 Ilustrations Over 850 (534x8) Pages ‘Twelve Folding Plajes

‘A Complete ~ Autorriobile Bopk, Showing Every Recent Improvement.

HE most completc treatise on the Gasoline Automobile ever issued. Written in simple

lmguage by a recognized authority, famtliar with every branch of the automobile indus tﬂ

Free from technical terms. Everything is explalned 80 simply that an; one of ordinary in

gence Esin a eomprehenslve knowledge of the gasoline automobile. The lnrormttlon
1s up to date and cludes, in eddition to an exposition of ciples of eonstrucaon description
of all types of automobiles and their components, valuable money-n ving hints on the care
operation of motor cars propelled by internal combustion engin

CONTAINS SPECIAL CHRPTERS ON

w X
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ds in
— th
it~ M
o F
d  te
8. sa

TO THE 1916 REVISEU EDITION
<The subject of eloc::ical motor sm-t.lnx Si lon s | b.“ Son red at lengzh and m;wnmm

8systems and-their com roller bearing. their m

and installation, has a becn lnrluded. and a number ot other features of timely interest such as
1a of gasoline and kerosene carbureto power plants, t.he her siide valve
motor, detachable wire wheels, cantilever springs. ht. a.nd twelv linder motors, new valve oaer-
ating systems, Stewart-Warner vacuum fuel feed, Boat type body design, leather universal Jof
Entz electric transmission, positive differentfal, armored auwmobllo. hydraulic brakes, etc.

Enmely new matm-ml has been udded on h;wtors in three and four-wheel forms, cyclecars and
! ultural tractors low:! tion gasoline-electric drive, front-wheel and foure
wheel drive and swer syst.ems and other imporunb devclopments in power-propelled vehicles.
dlscuas on of power transmission methods has been augmented by consideration of the skew bevel
g r and two-speed direct drive réar axle, as well as several new forms of worm gear drive, etc.,
ave been added to bring the work thoroughly up to

The book tells you just what to do, how and when to do it. Nothlns has been omitted, no, detail

hu been slighted. Every part of the automobile, its equlp accessories, tools supplles spare
necessary, etc., have been discussed comprehenstively. u are or intend to become a-motore
t, or ary in any wny interested in the modern gasoline. auwmo ile, this is & book you cannot afford

to be wichout.
WHAT IS SAID OF THIS BOOK:
Trad Iﬂs the bect book on the Automobile seen up to date.—J. H. Pile, Assocfate Editor, Automobile]
ade Journal,
Every Auwmnbﬂe Owner has use for a book of this character.—The Tradesman.
This book is superior to any n-eatlse hemtotore published on the subject.—The Inventive Age. .
know of no other vol that lete in all its departments, and in whlch the wide

. We
Beld of automobile eonstruction with It.s mochanlcal intricacles is so phlnly handled, both ip the,
test and in tho matter of 1lluswauons.—The Motorist,




. ‘(nét Published lndhgnnble to All Who Motor !916 Rdition

QUESTIONS AND ANSWERS

RELATING TO MODERN
Automobile Design, Construction, Driving and Repair’

By VICTOR W. PAGE, M.E.
Author of “The Modern Gasoline Automobile,” “TheModern Gas Tractor,” Ete,.

650 Pages (534x734) 350 lllustrations and Plates Cloth Binding,

Price $1.50
A Self-Educator on Automobiling Without an Equal

HIS Jmcuw treatiso consists of a series of thirty-seven ledkons, covering wlch over 2000

questions and their nns\veu—the tomobile, its construction, openuon and repair.

is correct and explained in simple language. If you can't lnlwer
all of the following quesdons. you need this work. The answers to these and 2,000 more are to

Ye found in its pages.

Give the name of all important of an automobile and describe their functions? Describe

action of latest, types of kerosene car uretors? What is the diference between & "Double" ignition

tem and a ‘‘dual’ ignition system? Name ts of an Inducﬂon coil? How are valves timed?

%ﬁ is an electric motor starter and how doesou t work? W!Iut are advantages of worm drive gear-
uarter’

adjus! t causes
carburetor? What xiplles are needed to equip & ur.? How do you drive various
of cars? What is & dlﬂotentlal lock and where 18 it used? ame different systems of wire wheel
eonstruction? What 13 a *‘positive’ drive differential? etc. w:,

Answers every/question asked relating to the modern automobile

SYNOPSIS OF THE 37 LESSONS

1. ‘l‘hlgﬂModeGuollno A{utbmobne and Its g m ndgglgﬂd Olutch Change 8 Gear..
arts. o on ear Trans
‘2. Actlo: of Two and Four Stroke Cyclo ;g: ethods of Drrllse to Rear Wheeh‘.m'

Motors. Differential Gear Construction and Opera~
.8 Pm;u of Guollne Motors and 'rhelrrunon

tions. 21. Ret.r Axl T;pe-.
Fuels for Automobile Motors. 22. Automobile nmen and 8prlnss.
. ‘Theory of Carburetion and lu Apxlleotion. 23. ‘The seeedng md Front
6. Types of Carburetors and Their Action. 24. Wheel
]:low Gas is Expl9d ed in Cylinder to Pro- % Aut.omobile Bearl.nﬁs and Their Care.

Control Auwmobﬂo
‘8. Pu'w f l ﬁoﬁ Systems and Their Pur- Power
8 of Taul 27, Methods of Bpced Ch ou

9. Curren Produeou, Batterfes, Dynamog 28. Ut.lllt.y of Brakes and .Their

md M 29. General Driving lnst.ructlons.
10. Low on Ignlﬂon Sysverdn. 30. Oiling the Auwmobﬂe Chassls.
11. High Tenslon Ignition 8 . 31. Road Troubles and Their Symptoms.
12. Methods. of u atlns the Aut ‘32. Repairing Power Plant Group.

Pow Plen 33. Tn With-Power T on Mech-
13 Soolet Wae “50“'?? ) 3. Chassls Troubles and Thelr Ellmination.
‘14, c: ooling Systems. s a
15. Ug’otcluw andVarlous“ypes Deacribed. Fixing Tire Defec

‘16. ‘The Friction Transmission. 3 Equipment and jp room—
37. Devel of Designs in 1916 A bil

WHAT 1S SAID or THIS BOOK :

h wn a car—Get this book.—The Glas:
r. Psgé has the faculty of msldns ‘difficult subjecu pmn and understandable.~—Bristol Ptess.
.name no writer better qualified to prepare a book of instruction on automobiles thag

Mr Vlctor W. Pagé.

.~—Scientific A n.
The best autor bll ‘catechism that has a Automobile T
here are (!erwmmeno eeyen wltbmlong expa-lenoopwel& will not find thhm“book useful.—Engineering News



"" 'HE MOST VALUABLE TECHNO-CHEMICAL ' RECEIPT BOOK PUBLISHED
Henley’s Twentieth Century Book of

Recipes, Formulas
and Processes

‘Edited by GARDNER D. HISCOX, M.E.
Price Cloth: $3.00
Half Morocco 4.00
800 large octavo.(6x914) peges-
Contains over | 10,000 selected sdendﬁc, chﬂmcal technological

an . pes and Pr ) g hundreds of so-
called trade ets for every busi - °

O present here oven a limited number of the subjects which ﬂnd a place in t,hk vslv.ub)e work
would be difficult. Suffice to say that in its pages will be found matter of
. and immeasurable practical value to the scientific amateur and to him who wishes to obuin a
knowledge of the many processes used in the arts, trades and manufactures, a knowledge which
-will render his pursuits more instructive and remunerative. Serving as a ref reference. book to the
small and large manufacturer.and supplying lnnel.ug nt seckers with the information neeemri;o.
ccnduct a process, the work wiil be tound of inestimable worth to the Metall t, the Photogra »
the Perfumer, the Painter, the Manufacturer of Glues, Pastes, Cements, and Mucilages, the Com-
pcunder of Alloys, the Cook, the Physician, the D g'lst. the Elecr.rlcun. the Brewer, the Engineer,
tke Foundryman. the Machinist, the Potter, the the Confectioner, the Chiropodist, the
tu anicure, the Manufacturer of Chemical Novelties and ’I‘o ilet_Preparations, the Dyer‘ the Elec-
glater. ‘the Enameler, the Engraver, the Provisioner, the Glass Worker, the Goldbeater, the Watch-
cr and Jewcler, the Hat Mal or. the Ink Manufacturer, the Optician. the Farmer, the Dairyman,
tho Paper Maker, the Wood and Metal Worker, the. Chandl eg md Soap Maker, the Veterinary
Surgeon, and the Technologist in general. of val
~ A mine of information, and up to date in every A book which will prove ue to
curuone. as it covers.every branch of the useful Arts. m

AMONG THE RECIPES GIVEN ARE:

And many th ds more—Equally important in the-Arts and Manufactures.

WHAT 1S SAID OF THIS BOOK:

Your Twentmh Century Book of Recipes, Formulas and Processes duly received. T am glad
to have a copy of it, and if I could not reclace it money couldn't buy it. It is the best thing of
the sort I ever saw.—M. E. Trux, Sparta, will find §

‘We can most thoro-ighly recommend that you obtain a‘copy of this book u you n t &
werk of the most uecful'f-ha’:-acwr. and one that will repa; mpy if k ¢ bis
T hwerin few 1 h ade by the aid of a book of this

Many small f s, and not a few large ones, have been made by the - L o
ﬁ?m "ysinov. nﬁ'ﬁé'c'hpu have all been successfully used and arc known to be correct. uthern

nery.

Lack of space prevents,the publisher from"including other reviews of this book. ,




JUST PUBLISHED

Knots, Splices and Rope Work

3 By A. HYATT VERRILL
Fditor of “ Popular Science Dent., Americun Boy Magazine®™

128 Pages‘(Sﬂ) 150 Original Engravings- Cloth Binding
Price 75 Cents

‘This is a practical book, giving complete and simple

directions for making all the most useful and ornamental

knots in common use, with chapters on splicing, pointing,

seizing, serving, etc. ‘This book is fully illustrated with
150 original engravings, which show how each knot, tie or splice is formed
and its appearance when finished. The book will be found of the greatest
<alge to campers, yachtsmen, travellers, boy scouts, in fact to everyone,
having to,use or handle ropes for any purpose.

be safe to state that the real difference between civilized and savage man consists largely in

EW peoplo realize the importance that knots have played in the world's history. It mlghc‘
the knowlcdge of rope work. No cloth could be woven, no net or scine knitted, no bow strung

and no craft sailed without numcrous knots and proper ropes. Gradually the various pro-
fesslons have adopted the knots best suited to their requirements, and thus we find the sailor's knot,
the fisherman's knot, the weaver's knot, the builder's knot, and many others. All of which are
deecribed and illustrated in this-book, making an interesting uscful treatisc.

AMONG THE CONTENTS ARE:

' WHAT.IS SAID OF THIS BOOK:

¥t 13 the Standard Work on the subject.—Far Eastern Review.

Useful to those who handle rope for any purpose.—Dodge Idea.

“The explanations are readily understood, while the illustrations are very clear.—Automobile. .
}th a book well worth while for all who have to usc or handic ropes for any purpose.—Practical



JUST .PUBLISHED NEW EDITION
e S

House Wiring

By THOS. W. POPPE

Rlectrical Engineer and C tor *

125 Pages (4x6) Fully Illustrated  Limp Cloth Binding

Price 50 Cents

This work describes and illustrates the actual installa-
tion of Electric Light Wiring, the manner in which the
work should be done, and the method of doing it. The
‘book can be tonveniently carried in the pocket.' Itis
jintended for the Electrician, Helper and Apprentice. It solves all Wiring
Problems and contains nothing that conflicts with the rulings of the
National Board of Fire Underwriters. It gives just the information essen-
tial to the successful Wiring of a Building.

tions refer cssentially to the mechanics of the subject and give directions for
electric lamps and wiring in the average two-story dwelling house.

AMONG THE CHAPTERS CONTAINED ARE:

I1.-~Showing the Plans and Layout of the Electrical Work. Floor Plans; Circuits; Brackets;
Bwitches; Plug Reccptacles; Feeding Mains; Meter Conncctions; Panel Board. II.— Flexiblo
Metalilc Wiring System: TFlexible Conduit; FlexiiJle Stecl-armored Cable; Installing Switches;
Brackets, Plug Receptacles, and Ceiling Fixtures; Panel Board and Feeding Mains; Fuses and Cir-
cuit Switches: Drawing Flexible Conduit and Steel-armored Cable Under the Floors and Between
Partitions; Sctting Switch, Bracket and Ceiling Boxes. I1I.—Installing Rigid Conduit: - Method
«of Sctting Boxes, Including Switch, Bracket, Ceiling and Plug Receptaclces: Placing Conduit Under
the Floors and Through Partitions: Elbows; Bending Conduit; Using Running Threads. IV.—
Combining Flexible and Rigid Conduit* Skowing How to Change from One System to the Other;
S8everal Problems Shown and Explained by Using a Combination of the Two Systems; How Time
<an be Saved and a Neater Work Installed by Combining the Systems. V.—Wiring and Switch
Diagrams and Conncctions: *‘Fishing™ the Conduits; Drawing the Wires into the Conduit; Dia-
grams and Explanation of Single- and Double-pole 3- and 4-way Switches and Connections; The
Easiest Method of Testing the 3- and 4-way Switch Wires Preparatory to Connecting Them to the
Switches. VI.—Gr ding Metallic Conduit S The Connecting to the Ground of Metallic
Systems of Wiring: The Proper Method of Connecting Conduits to Boxes; The Reagon for Ground-
ing; The Insulating of Brackets and Electric Ceiling Fixtures and.the Roason for Doing So. VII.
~—Knob and Tube System: Bracket Outlet; Ceiling Outlet; Switch Outlet; Wiring in Partitions
I New and Old Buildings; Placing Wires Under Floors. .

WHAT IS SAID OF THIS BOOK:

C ins just th 1on needed for the ul wiring of a buildix fic American,
Cir 'l;he information Is cxact and exhaustive, without being overladen with dotalls.—Druggiss
cular.
Only practical examples of work are mentioned in this book.—7he Power House.

Q‘ VERY practical book describing the methods and devices used in house wirlng. The descrip~




